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In early times, radio astronomy was limited to bright radio sources 
associated with rare luminous (            
          ) radio galaxies 
and quasars (quasi-stellar objects, QSOs), which are typically radio loud in 
~10% of the cases. Radio galaxies are usually characterized by powerful 
radio lobes, which are evidence of interactions between highly collimated 
relativistic flows, produced by the central active galactic nucleus (AGN), 
and the interstellar/ intergalactic medium. These magnificent radio-loud 
structures were classified by Fanaroff & Riley (1974) depending on their 
shape (FR I and II classes), and optical identifications showed that these 
AGNs are usually hosted by massive elliptical galaxies (Matthews, et al. 
1964). 
It was not until the 1980s that radio source counts at the sub-mJy level 
revealed a new radio population (Windhorst et al. 1985; Mitchell & 
Condon 1985). Various studies (e.g. Simpson et al. 2006; Seymour et al. 
2008; Smolcic et al. 2008) have identified the sub-mJy population with star-
forming galaxies (starbursts, spirals or irregulars) and low luminosity radio 
AGNs (faint FR I radio galaxies, Seyfert galaxies, radio-quiet QSOs, see 
e.g. Mignano et al. 2008, Padovani et al. 2009). One of the key open issues 
is whether low-power AGNs are more related to efficiently accreting 
systems ( mostly radio quiet AGNs) or to systems with very low accretion 
rates ( mostly radio loud FR I radio galaxies). The former hypothesis is 
based on both modeling and observational studies indicating that the bulk 
of the radio quiet AGN population is not radio silent, and could emerge at 
fluxes      μJy (Wilman et al. 2008; Prandoni et al. 2009; Kukula et al. 
1998). 
The presence of large numbers of star-forming galaxies and low-power 
AGNs at the sub-mJy level has given a new interesting scientific perspective 
to deep extra-galactic radio surveys, allowing cosmological studies of both 
star-forming galaxies and ’radio-quiet’ AGNs (which constitutes the bulk of 
the AGN population), traditionally performed at other wavelengths 
(optical, infrared, X-ray, etc.) . A better understanding of the physical and 
evolutionary properties of such a composite population from a radio 
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perspective has several advantages (f.i. the absence of biases introduced by 
dust extinction and/or gas absorption), and therefore can have important 
implications on the study of the global star formation/black hole accretion 
history. However the relative contribution of AGNs and star-forming 
galaxies to the sub-mJy radio regime is still hotly debated. Many different 
approaches have been taken to disentangle these two populations: using 
far-infrared (far-IR)/radio flux ratios (Donley et al. 2005; Ibar et al. 2008); 
tackling their radio brightness temperatures and luminosities (Wrobel et al. 
2005; Garrett et al. 2005); resolving their radio morphologies (Muxlow et 
al. 2005; Biggs & Ivison 2008); identifying optical host galaxies via 
morphology, or spectroscopy (Gruppioni, Mignoli & Zamorani 1999; 
Prandoni et al. 2001; Barger et al. 2007; Mignano et al. 2008), or their 
locus in colour-colour diagrams (Ciliegi et al. 2005, Prandoni et al. 2009), 
via X-ray identifications (Simpson et al. 2006, Padovani et al. 2009). These 
approaches tend to yield substantially different results, and a panchromatic 
approach seems to be needed (see Prandoni et al. 2009; Padovani et al. 
2011).  
Also important are multi-frequency radio observations: radio spectral 
indices may help to constrain the origin of the radio emission in the faint 
radio sources and may actually be fundamental for understanding the 
eventual link to the optical light. 
In terms of spectral indices, α, star-forming galaxies are usually considered 
to be steep spectrum sources with a mean spectral index between ‒0.8 and 
‒0.7 (where      ), with a relatively small dispersion, (±0.24 Condon 
1992). A sample of z < 0.5 FR I & II  radio galaxies has also been found to 
have similar spectral indices (between 178 and 750 MHz), with mean and 
scatter of α = 0.74 ± 0.19 and α = 0.79 ± 0.14, respectively (Laing et al. 
1983). This implies that studies based on the radio spectral index have 
large difficulties in disentangling star-forming from steep-spectrum radio 
galaxy populations. Nevertheless, the radio spectral index is sensitive to flat 
spectrum ( α > ‒0.5) core-dominated AGN (Blundell & Kuncic 2007) and 
GHz-peaked sources (GPS; Gopal-Krishna, Patnaik & Steppe 1983; 
O’Dea 1998; Snellen et al. 2000), where synchrotron self-absorption 
effects are important, and to ultra-steep spectrum sources (USS,     ; 
Rottgering et al. 1994; Chambers et al. 1996; Jarvis et al. 2001) usually 
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found at high redshift. Radio-quiet AGNs are instead expected to be 
compact, steep-spectrum sources (Kukula et al., 1998). 
Recent studies, combining 1.4 and 5 GHz or 610 MHz and 1.4 GHz data, 
have found evidence for a large numbers of flat-spectrum sources and a 
large spectral index dispersion at sub-mJy radio fluxes (e.g. Prandoni et al 
2006; Bondi et al. 2007; Garn et al. 2008, Magliocchetti et al. 2008), 
suggesting that core-dominated AGN are playing a key role in the sub-mJy 
radio population. The main results in the literature are discussed in the 
following. 
The ATESP 1.4 GHz survey (Prandoni et al. 2000a,b) together with its     
5 GHz radio (Prandoni et al. 2006) and optical (Mignano et al. 2008) 
follow up showed the importance of a multi-wavelength approach. From 
the analysis of the radio data alone, a flattening of the average spectral 
index was found at fluxes lower than a few mJy, due to the emergence of a 
significant component of flat (      ) and/or inverted (   ) 
spectrum sources, which is not present at higher flux densities, where we 
have steep-spectrum sources only (with α typically between ‒0.7 and ‒0.8).  
Figures 1 and 2 show the 1.4–5 GHz spectral index as a function of flux 
density, for the 109 sources catalogued at 1.4 GHz and for the 111 sources 
catalogued at 5 GHz respectively (see top panels). Also plotted are the 
spectral index distributions of the two samples (bottom panels). As 
expected for higher frequency selected samples, the median spectral index 
is flatter at 5 GHz (           ) than at 1.4 GHz (           ) 
and both samples show a flattening (much more evident at 5 GHz) going 
to lower flux densities (see Table 1). For            mJy, α shows a 
narrow dispersion around a median value of −0.71 (−0.62 at 5 GHz), as 
expected for standard synchrotron radio emission. At fainter fluxes, 
however, almost half (46%) of the sources selected at 1.4 GHz and almost 
2/3 (∼63%) of the sources selected at 5 GHz show flat spectra (α > −0.5), 
with a significant fraction (29% at 5 GHz) of inverted spectra (α > 0). The 
flattening of the radio spectral index going from mJy to sub-mJy flux 
densities found for the ATESP sample confirms on a much larger 
statistical basis (131 sources) previous results obtained for smaller (50−60 




Figure 1 Top: 1.4–5 GHz spectral index vs. 
1.4 GHz flux density for the ATESP 
sample. Only sources catalogued at 1.4 
GHz are shown. Open circles with arrows 
indicate spectral index upper limits due to 
sources undetected at 5 GHz (the solid line 
indicates the 3σ detection limit). Horizontal 
dotted lines show the α = 0 and the α =‒0.5 
loci. Circled dots refer to sources 
displaying a multiplecomponent/extended 
radio morphology (either at 1.4 or 5 GHz), 
typical of AGN-driven radio galaxies. 
Bottom:spectral index distribution for the 
same sources shown above. Shaded 
histogram refer to upper limits. The 
vertical dashed line indicates the median 
spectral index value of the sample (     = 
−0.57). 
Figure 2 Top: 1.4–5 GHz spectral index vs. 
5 GHz flux density for the ATESP sample. 
Only sources catalogued at 5 GHz are 
shown. Open circles with arrows indicate 
spectral index lower limits due to sources 
undetected at 1.4 GHz (the solid line 
indicates the 3σ detection limit). Horizontal 
dotted lines indicate the α = 0 and the 
α=−0.5 loci. Circled dots refer to sources 
displaying a multiplecomponent/extended 
radio morphology (either at 1.4 or 5 GHz), 
typical of AGN-driven radio galaxies. 
Bottom: spectral index distribution for the 
same sources shown above. Shaded 
histogram refer to lower limits. The vertical 
dashed line indicates the median spectral 
index value of the sample (     
     ). 
 
agrees with the finding of many flat/inverted radio spectra in μJy samples 
(Fomalont et al. 1991;Windhorst et al. 1993).  
From the combination of the radio and optical/NIR data (Mignano et al., 
2008) the sub-mJy population of flat-/inverted-spectrum radio sources of 
the ATESP sample was found to be likely associated with low-power 
compact early-type galaxies (elliptical, S0 or Sa), where the radio emission 
plausibly originates from an AGN.  
In Fig. 3 (top panel) the radio-to-optical ratio is plotted as a function of the 
spectral index for the ATESP sample. The radio-to-optical ratio was 
defined following Condon (1980), as                  , where S  is 
the source 1.4 GHz flux density (in mJy) and m is the optical magnitude 
(here assumed to be the I-band magnitude). Lower limits to R are given 
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whenever a source was not identified down to the limiting magnitude of the 
used optical surveys. For the sources with spectral type/redshift estimates 
available (either from multi-colour photometry or spectroscopy) they could 
distinguish between Early Type Spectra ( ETS, red filled circles), Late 
Type Specra ( LTS) plus star-burst ( SB) galaxies (blue stars) and AGNs 
(green triangles). 
 
Table 1 Spectral index statistics for the ATESP 1.4 and 5 GHz samples. 
Flux range N                         
1.4 GHz      
Any flux 109                  47 (43%) 10 (9%) 
S > 4 mJy 22                  7 (32%) - 
S ≤ 4 mJy 87                  40(46%) 10 (11%) 
5 GHz      
Any flux 111                  67 (60%) 28 (25%) 
S > 4 mJy 13                  5 (38%) - 
S ≤ 4 mJy 98                  62 (63%) 28 (29%) 
 
Figure 3 clearly shows that most of the flat-spectrum sources have high 
radio-to-optical ratios (R > 1000), and are typically associated with the 
classical powerful compact radio sources ( mainly quasars). Flat-spectrum 
sources with low R values are preferentially identified with ETS, where the 
radio emission is again probably triggered by nuclear activity. Star-forming 
galaxies (LTS and SB), on the other hand, are typically associated to steep-
spectrum sources, as expected for synchrotron emission in galactic disks or 
in nuclear star-bursts.  
ETS sources in the ATESP sample with flat and/or inverted spectrum are 
preferentially compact (linear sizes d <10−30 kpc, see Fig. 3, middle 
panel). Their rather low radio luminosities (            
          , 
see Fig. 3, bottom panel) and the absence of emission lines in the optical 
spectra may suggest that these objects belong to the class of FRI radio 
galaxies; but FRI radio galaxies are characterised, on average, by steeper 
radio spectra and larger linear sizes (but see the linear size – radio power 




 Figure 3 Radio-to-optical ratio (R, top panel), linear radio source size (d in kpc, middle panel) 
and 1.4 GHz radio power (in W/Hz, bottom panel) against 1.4–5 GHz spectral index for the 
radio sources from the ATESP sample: red filled circles (ETS); blue stars (LTS/SB); green 
filled triangles (AGNs). Circled symbols indicate sources with extended and/or two-component 
radio morphology, typical of classical radio galaxies. Black open circles are for identified 
sources that do not have a redshift/type determination. Arrows indicate upper/lower limits. 
Vertical dashed lines indicate the α = −0.5 and the α = 0 values, above which source spectra are 
defined respectively as flat and inverted. Horizontal dashed lines in the three panels indicate, 
from top to bottom, values of R = 1000, d = 30 kpc and             
      , respectively. 
 
The compactness of the sources, together with the flat/inverted spectra, 
suggests core emission with strong synchrotron or free-free self-absorption. 
This could be associated to either very early phases of nuclear radio-
activity (the so-called GHz peaked spectrum – GPS – radio sources, 
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O’Dea 1998; Snellen et al. 2000) or late phases of the evolution of AGNs, 
characterised by low accretion/radiative efficiency (advection-dominated 
accretion flow, i.e. ADAF; advection dominated inflow-outflow solutions, 
i.e. ADIOS). In the first case, however, larger luminosities are expected 
(           
       ), while in the latter case very low radio powers 
are predicted (            
       ; see Doi et al. 2005). Another 
intriguing possibility is that in these sources ADAF and radio jets coexist, 
as suggested for low luminosity AGNs, (LLAGNs, see e.g. Doi et al. 2005 
and reference therein). This would explain the somewhat brighter 
luminosities than expected by simple ADAF and can still be consistent 
with the presence of flat/inverted radio spectra (see ADAF-jet model by 
Falcke & Bierman 1999). 
This class of objects may also be very similar to the composite class of the 
so-called low power (           
         ) compact (<10 kpc) – 
LPC – radio sources studied by Giroletti et al. (2005). Their host galaxies 
do not show signatures of strong nuclear activity in the optical (and X-ray) 
bands. Preliminary results indicate that multiple causes can produce LPC 
sources: geometrical-relativistic effects (low power BL-Lacertae objects), 
youth, instabilities in the jets, frustration by a denser than average ISM, and 
a premature end of nuclear activity. 
From the analysis of higher frequency (19 GHz) data, Prandoni et al, 
(2010) demonstrated that the ETS sources in the ATESP sample are most 
probably jet-dominated systems. ADAF models are ruled out by the high 
frequency data, while ADAF+jet scenarios are still consistent with 
flat/moderately inverted-spectrum sources, but are not required to explain 
the data. A small fraction of very compact sources could be associated at 
least in part to (obscured) radio-quiet quasar-like objects and/or low power 
BL Lacs. 
 
The flattening of the source spectral index at sub-mJy fluxes was confirmed 
also for higher-frequency selected samples. 
The radio spectral properties of a selected sample of 296 sources detected 
as part of the Tenth Cambridge (10C) survey at 15.7 GHz in the Lockman 
Hole were investigated in detail by Whittam et al. (2012) using a number 
of radio surveys, in particular a deep GMRT image at 610 MHz (Garn et 
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al. 2008, 2010) and our WSRT 1.4 GHz catalogue (see chapter 1 for more 
details). Matches at other radio frequencies were found for 266 out of 296 
sources, allowing their radio spectra to be investigated. For the 30 sources 
which were only detected at 15.7 GHz, upper limits were placed on their 
spectral indices. 
 
Table 2  The       
     statistics for the Whittam et al (2012) sample. 
           
mJy 
N                   
0.300 < S ≤ 0.755 99 ‒0.25 0.04 ‒0.08 25 4 
0.755 < S ≤ 1.492 97 ‒0.31 0.05 ‒0.36 40 5 
1.492 < S ≤ 45.700 95 ‒0.57 0.05 ‒0.75 67 5 
 
Table 3  The     
     statistics for the Whittam et al (2012) sample. 
           
mJy 
N                   
0.300 < S ≤ 0.755 99 ‒0.11 0.07 ‒0.10 29 4 
0.755 < S ≤ 1.492 99 ‒0.30 0.07 ‒0.43 46 5 
1.492 < S ≤ 45.700 98 ‒0.66 0.05 ‒0.79 76 4 
 
Whittam et al. (2012) found a clear change in spectral index with flux 
density, with a median      
           for flux densities greater than 1.5 
mJy and a  median      
           for flux densities less than 0.8 mJy. 
This again demonstrates that there is a population of flat spectrum sources 
emerging below 1 mJy. Whittam et al. further investigated this trend by 
calculating the median spectral indices      
     and     
     in three different 
flux density bins containing equal numbers of sources and their results are 
shown in Tables 2 and 3.  The distributions of both       
     and     
     as a 
function of 15.7-GHz flux density show a sharp change at flux densities 
between 1 and 2 mJy. The variation in spectral index with flux density at 
higher (∼10 mJy – 1 Jy) flux densities was investigated by Waldram et al. 
(2010) and Massardi et al. (2011).Waldram et al. and Massardi et al. used 
samples selected at 15 and 20 GHz respectively and, by matching them to 
catalogues at 1.4 GHz, found that the median spectral index becomes 
rapidly steeper with decreasing flux density from 1 Jy to 10 mJy; for 
example Waldram et al. found that the median     




Figure 4  The median spectral index as a function of flux density from the study of 9C sources  
by Waldram et al. (2010) and the 10C sources studied by Whittam et al. (2012). The points are 
plotted at the bin midpoint, except for the highest flux density bin (S > 100 mJy) where the 
point is plotted at the bin lower limit. In this plot α is defined as       . 
 
0 at 1 Jy to ‒0.8 at 10 mJy. Combining this result with the one obtained 
from their 10C source study, Whittam et al. (2012) showed that as the flux 
density decreases further the median spectral index flattens again, with the 
median     
   increasing  from around ‒0.8 for flux densities > 1.5 mJy to 
around ‒0.1 at 0.5 mJy. The change occurs fairly abruptly at ≈ 1mJy, 
indicating that the nature of the 15-GHz source population is changing at 
this flux density. The relationship between spectral index and flux density 
is summarised in Fig. 4 which shows the Waldram et al. results from the 
Ninth Cambridge survey (9C) along with the Whittam et al. results from 
the Tenth Cambridge survey (10C). 
 
Low frequency observations are also very important to investigate the 
flattening of the spectral index distribution, particularly because possible 
synchrotron self-absorption mechanisms become more prominent with 
decreasing frequencies. However, low frequency observations of samples 
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of mJy and sub-mJy radio sources are still quite limited and controversial. 
Most of these observations have been carried out using the GMRT (Giant 
Metrewave Radio Telescope) at 610 MHz. Bondi et al. (2007) measured 
the spectral indices of a sample of 741 radio sources between 610 and 
1400 MHz and found a flattening of the spectral index distribution only for 
sources fainter than 0.5 mJy at 1.4 GHz. Hints for a flattening at sub-mJy 
fluxes was also found by Garn et al. (2008), but their sample (the First 
Look Survey field) was biased against steep-spectrum sources. The 
existence of such a flattening between 610 and 1400 MHz was not 
confirmed by Ibar et al. (2009) in the Lockman Hole region. Owen et al. 
(2009) determined spectral indices of sub-mJy and mJy sources between  
Table 4 Spectral index statistics for sources selected at 90 cm by Owen et al. (2009).  
         N                                     
All      
2.5-5.0 229 -0.68±0.02 -0.70±0.03 3.38 2.77 
4.0-5.0 11 -0.70±0.05 -0.66±0.07 4.48 4.37 
3.0-4.0 56 -0.68±0.02 -0.76±0.06 3.37 3.23 
2.5-3.0 162 -0.68±0.02 -0.70±0.03 2.72 2.67 
> 3’’      
2.5-5.0 55 -0.71±0.03 -0.72±0.04 3.68 3.02 
4.0-5.0 7 -0.75±0.08 -0.77±0.10 4.43 4.24 
3.0-4.0 22 -0.74±0.05 -0.76±0.07 3.40 3.25 
2.5-3.0 26 -0.68±0.04 -0.67±0.05 2.77 2.76 
≤ 3’’      
2.5-5.0 174 -0.67±0.03 -0.70±0.03 3.22 2.70 
4.0-5.0 4 -0.60±0.04 -0.61±0.05 4.54 4.49 
3.0-4.0 34 -0.65±0.07 -0.67±0.08 3.37 3.23 
2.5-3.0 136 -0.68±0.03 -0.71±0.04 2.77 2.77 
 
325 and 1400 MHz using the VLA in the deep SWIRE field. In Table 4 
the spectral index statistics is summarized as a function of 90 cm flux 
density (in μJy) and size. The mean and median spectral indices are 
       in a flux density range 0.3 − 100 mJy. This value is flatter than 
the mean 408−1407 MHz spectral index of       from 5C12 for sources 
detected at 408 MHz above 40 mJy (Benn et al. 1982). As the Owen et al. 
sample sparsely probe flux densities above 40 mJy, their result is consistent 
with a flattening of the mean spectral index below the 5C12 characteristic 
flux density. The deeper LBDS 327 MHz survey has a 90cm-selected, 
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         MHz median spectral index shifting from      above 100 
mJy, to     between 10 and 100 mJy, and then  down  to       between  
Table 5 Spectral index statistics for sources selected at 20 cm by Owen et al. (2009). 
         N                                     
All      
2.5-3.0 43  -0.54±0.06   
3.0-5.0 24 -0.58±0.09 -0.66±0.11 3.73 3.40 
4.0-5.0 5 -0.75±0.15 -0.66±0.19 4.21 4.16 
3.0-4.0 19 -0.54±0.11 -0.66±0.27 4.22 4.15 
> 3’’      
3.0-5.0 12 -0.75±0.10 -0.76±0.12 3.71 3.57 
4.0-5.0 2 -0.93±0.30 -0.93±0.36 4.19 4.19 
3.0-4.0 10 -0.71±0.11 -0.74±0.14 3.49 3.44 
≤ 3’’      
3.0-5.0 12 -0.62±0.14 -0.60±0.17 3.75 3.35 
4.0-5.0 3 -0.35±0.18 -0.57±0.19 4.19 4.16 
3.0-4.0 9 -0.35±0.07 -0.59±0.22 3.28 3.29 
2.5-3.0 28 -0.47±0.07 -0.30±0.09 2.69 2.70 
2.3-2.5 35 -0.38±0.06 -0.37±0.08 2.41 2.41 
2.1-2.3 87 -0.49±0.05 -0.45±0.06 2.20 2.20 
1.9-2.1 180 -0.48±0.04 -0.50±0.05 2.00 2.00 
1.6-1.9 485 -0.50±0.04 -0.52±0.05 1.74 1.74 
1.0-1.6 479 -0.59±0.04 -0.52±0.05 1.46 1.46 
 
3.6 and 10 mJy (Oort et al. 1988). Owen et al. results agree with those 
obtained by Oort et al. in the intermediate flux density range, but fail to 
find a flatter median spectral index below 10 mJy. On the other hand, 
Owen et al. (2009) found a flattening of the average source spectral index 
at (1.4 GHz) fluxes lower than ~10 mJy, when analyzing their 1.4 GHz 
selected sample (                      ). In Table 5 is listed the 
spectral index statistics for these sources as a function of 20 cm flux density 
(in μJy) and size. This flattening is more significant when only compact (< 
3”) sources are considered (     ranging from −0.3 and −0.5, depending 
on flux interval), whereas spectral indices become steeper again below 0.5 
mJy. Fig. 5 grafically summarizes this result. This latter result may indicate 
a possible change in the source population, that can be plausibly 
interpreted as due to the emergence of a (steep-spectrum) star-forming 
galaxy component dominating over a brighter compact (flat-spectrum) 
AGN population. In the light of these somewhat controversial results, 
more low frequency  
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Figure 5 20 cm selected source spectral index vs. 20 cm flux density in mJy in various intervals 
of 20 cm flux density: The results are from Table 5. The black squares and the magenta 
pentagons are the means and medians respectively for the entire sample. The blue circles and 
red crosses are the means and medians respectively for sources with 20 cm sizes ≤ 3’’. In this 
plot α is defined as       . 
 
observations are necessary to understand the spectral properties of the 
faint radio population and, therefore the nature of the physical 
mechanisms which are in place in these sources.  
It is also worth noticing that low frequency observations are crucial in 
designing future deep surveys in the 30-200 MHz range (e.g. with LOFAR) 
where, due to possible synchrotron-self-absorption effects, a population of 
flat spectrum AGNs would contribute even more prominently.  
The LOFAR telescope  
The LOw Frequency ARray is a next-generation radio telescope operated 
by ASTRON and constructed in the north of the Netherlands, with 
extensions across Europe. Utilizing a novel phased-array design, LOFAR is 
optimized for the largely unexplored low frequency range from 10 to 240 
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 Figure 6 Map of the LOFAR stations in the core ( called “superterp”, inset, top right), remote 
Dutch stations (inset, bottom left), and international stations. On the left, images of the LBA 
and HBA antennas are shown. 
 
MHz. In the Netherlands, a total of 40 LOFAR stations are nearing 
completion with an initial 8 international stations also deployed. As of 
early November 2011 ( the time at wich the last LOFAR observations 
described in this thesis were performed, see chapter 3), there were 24 core 
stations (within about 2 km from the center of the array, near the village of   
Exloo in the Netherlands), 9 remote stations (within about 100 km), and 8 
international stations in France, Germany, Sweden, and UK. A map of the 
LOFAR stations is shown in Figure 6. 
The array consists of thousands of simple dipoles, grouped into stations. 
The dipoles and stations are designed differently for the so called Low-
Band Array (LBA) operating in the frequency range 10 − 90MHz and for 
the so called High-Band Array (HBA) operating in the frequencies range 
120 − 240MHz. Each LBA station consists of 96 dipoles. HBA dipoles are 
instead grouped in tiles ( 16 dipoles each ) and core stations are designed 
differently from remote and international stations. In particular HBA core 
stations are split in 2 24 tiles sub-stations. These sub-stations can ( 
optionally) be correlated separately. On the other hand remote ( 48 tiles) 
and international (96 tiles) stations are organized in a single field. A sketch 
of the core, remote and international stations is shown in Fig. 7 . The fact 
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that HBA core stations have a different shape and size with respect to 
remote and international stations makes it more difficult to obtain an 
accurate description of the shape of the HBA primary beam. This issue 
will be further discussed in chapter 4. 
Each station is capable of forming multiple “station beams”, which are 
then correlated and/or summed as necessary in a supercomputer in 
Groningen. Digital beam-forming  techniques make the LOFAR system 
agile and allow for rapid repointing of the telescope as well as multiple 
simultaneous observations.  
The wide FoV and multi-beam capabilities, in combination with sub-mJy 
sensitivity at arcsec (and sub-arcsec) resolution, are all unprecedented 
capabilities at these frequencies. LOFAR is the most powerful and flexible 
low-frequency radio telescope ever built. It is also an important precursor 
to the Square Kilometer Array (SKA), by virtue of demonstrating many  
relevant technologies for the first time.  
LOFAR is in the vanguard of new astronomical facilities dealing with the 
transport, processing, and storage of extremely large amounts of data. The 
raw data-rate generated at station level by the entire LOFAR array is 
13Tbit/s, far too much to transport in its entirety. Even though this raw 
data-rate is reduced by, e.g., beam-forming at station level, the long-range 
data transport rates over the array are still of the order of 150Gbit/s, 
requiring partially dedicated fibre networks. Such large data transport rates 
naturally also imply data storage challenges. For example, typical 
interferometric imaging observations can easily produce 35 TBytes/hr of 
raw, correlated visibilities. 
The LOFAR station data are sent via a high-speed (partly dedicated) fiber 
network infrastructure to the central processing facility located in 
Groningen, in the north of the Netherlands. At this central processing 
(CEP) facility, data from all stations is aligned in time, combined, and 
further processed using a Blue Gene/P supercomputer offering about 
28TFLOP of processing power. The Blue Gene/P performs a variety of 
processing operations, including correlation for standard interferometric 
imaging, tied-array beam-forming for high time resolution observations      
( necessary for pulsar and fast transients), and even real-time triggering (for 








Combinations of these operations can also be run in parallel. Blue Gene/P 
writes raw data products to a storage cluster for additional post-processing. 
At the moment, storage limits give a ∼ 1 week processing window. When 
complete, this cluster will host 2Pbyte of working storage. The software 
aspects of the LOFAR system is of crucial importance. Once at the storage 
cluster, a variety of reduction pipelines ( still under heavy development) 
are used to further process the data into the relevant scientific data 
products, depending on the specific type of observation. Science-specific 
pipelines run on a dedicated computer cluster with a total processing 
power of approximately 10TFLOP. 
In the following we focus on standard interferometric imaging, which is the 
reduction method used in this thesis. The standard imaging mode provides 
interferometric data just as other traditional synthesis arrays consisting of 
antenna elements. The goal of LOFAR imaging is to achieve high fidelity 
and low noise images of a range of astronomical objects, using customized 
observing parameters. In this mode, station beams are transferred to the 
central processing facility where they are correlated to produce raw 
visibility data. The raw data are stored in a temporary storage cluster. 
Further processing, primarily calibration, is handled off-line. The pipeline 
which performs the processing of the imaging data is called LOFAR 
Standard Imaging Pipeline. The most important components of this 
pipeline are (for more details see chapter 3):  
 the flagger and data compression utility;  
 the calibration engine, called BlackBoard Selfcal (BBS);  
 the imager;  
 the sky model database.  
Flagging of radio frequency interference (RFI) is of crucial importance. 
Despite the relatively high level of RFI in northern Europe, excellent 
rejection without significant loss of data is possible thanks to the high 
frequency and high time resolution of LOFAR data (recent observations 
use 4 kHz channels and 1−3 second integrations, depending on observing 
frequency). Typically, < 10% of data are rejected due to RFI flagging, and 
at many frequencies the statistics is even better.  
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The imaging step itself is a difficult task for LOFAR. The nature of the 
dipoles, and their fixed orientation on the ground, makes the sensitivity 
pattern of the telescope not only a function of angular position and 
observing frequency, but also a strong function of time. At the moment, 
LOFAR images are limited by deconvolution errors. This is mitigated by 
subtracting the brightest sources in the visibility domain prior to imaging. A 
LOFAR sky model is needed for calibrating the telescope in arbitrary 
locations on the sky. An all-sky calibration survey (called MSSS), aiming at 
producing a catalog of the brightest sources in the LOFAR sky, has just 
been performed and data are currently under reduction.  
LOFAR is operated as an international facility open to the general 
astronomical community. The primary scientific drivers for LOFAR are 
represented by the so-called Key Science Projects (KSPs): Surveys, Cosmic 
Magnetism, Epoch of Reionization, Transients, Cosmic Rays, Solar 
Science and Space Weather. The work presented in this thesis was 
performed in the more general framework of the Survey LOFAR key 
Project ( P.I. H. Rottgering). 
The Lockman Hole project 
The Lockman Hole (Lockman, Jahoda & McCammon 1986) is the region 
of lowest HI column density in the sky; its low-infrared background     
(0.38 MJy      at 100 m; Lonsdale et al. 2003) makes this region 
particularly well suited for deep infrared observations. The Spitzer Space 
Telescope (Werner et al. 2004) observed ~12      of the region in 2004 
as part of the Spitzer Wide-area Infrared Extragalactic survey (SWIRE; 
Lonsdale et al. 2003). Observations were performed using the Infrared 
Array Camera (IRAC; Fazio et al. 2004) operating at 3.6, 4.5, 5.8           
and 8 μm, and the Multiband Imaging Photometer for Spitzer (MIPS; 
Rieke et al. 2004) operating at 24, 70 and 160 μm. Further deep infrared 
observations of the Lockman Hole are underway as part of the Spitzer 
Extragalactic Representative Volume Survey (SERVS; Lacy et al., in 
preparation) and of the Herschel Multi-tiered Extragalactic Survey 
(HerMES; Oliver et al., in preparation). 
A great deal of complementary data have been taken in the Lockman Hole 
region at other wavelengths in order to exploit the availability of sensitive 
22 
 
infrared observations. There have been deep optical observations in the U, 
g, r and i bands taken with the Mosaic-I camera at Kitt Peak National 
Observatory (KPNO), to 5σ Vega magnitude limits of 24.1, 25.1, 24.4 and 
23.7 respectively (Surace et al. 2005). There are existing near-infrared data 
across the region from the Two Micron All Sky Survey (2MASS; 
Beichman et al. 2003) to J,H and Ks band magnitudes of 17.8, 16.5 and 
16.0, and a band-merged catalogue containing 323044 sources from the 
IRAC, MIPS 24 μm, 2MASS and KPNO data has been produced (Surace 
et al. 2005). A photometric redshift catalogue containing 229238 galaxies 
and quasars within the Lockman Hole has been constructed from the 
band-merged data (Rowan-Robinson et al. 2008). The Sloan Digital Sky 
Survey (SDSS) covers the whole region in the ugriz bands, with both 
photometric and spectroscopic observations available to a depth of ~22 
mag. Further deep near infrared observations of the Lockman Hole are 
underway as part of the Deep Extragalactic Survey section of the UK 
Infrared Deep Sky Survey (UKIDSS; Lawrence et al. 2007) in the J,H and 
K bands, with a target sensitivity of J ~22 mag. There have been deep 
surveys of the Lockman Hole with the Submillimetre Common-User 
Bolometer Array (SCUBA; Holland et al. 1999) at 850 μm (Coppin et al. 
2006), and with the X-ray satellites ROSAT (Hasinger et al. 1998), 
XMMNewton (Hasinger et al. 2001; Mainieri et al. 2002; Brunner et al. 
2008) and Chandra (Polletta et al. 2006). 
A variety of radio surveys cover limited areas within the Lockman Hole 
region. The first of these was by de Ruiter et al. (1997), who observed 149         
1.4 GHz sources within an area of 0.35     , using the Very Large Array 
(VLA) in C-configuration, with a rms noise level of 30 − 55 μJy       . 
A similar deep observation was carried out by Ciliegi et al. (2003), who 
observed 63 sources at 4.9 GHz within a 0.087      region, using the 
VLA in C-configuration, with a rms noise level of 11 μJy       . More 
recently, Biggs & Ivison (2006) found 506 sources within a 320         
area, using the VLA at 1.4 GHz operating in the A- and B-configurations, 
and with a rms noise level of 4.6 μJy       . VLA B-configuration       
1.4 GHz observations of a larger region (three overlapping VLA pointings) 
were performed by Ibar et al. (2009), reaching a rms noise of ~6 μJy 
       in the central 100         area. These observations were 
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matched with 610 MHz GMRT observations down to an rms noise  of 
~15 μJy       . Less sensitive GMRT 610 MHz observations of a much 
larger area were carried out by Garn et al. (2008a,b), covering ~5      
down to an rms noise of ~80 μJy (before correction for primary beam 
attenuation). This survey was later extended to ~8      (Garn et al. 2010). 
The deepest 1.4 GHz observations to date (rms noise of ~2.7 μJy        
were performed by Owen & Morrison (2008) in the Lockman Hole 
region, but at a different location. This was later matched with very 
sensitive VLA (C-configuration) 324.5 MHz observations down to a rms 
noise of ~70 μJy beam−1 in the central part (Owen et al. 2009). The Faint 
Images of the Radio Sky at Twentycm (FIRST; Becker, White & Helfand 
1995) and NRAO VLA Sky Survey (NVSS; Condon et al. 1998) surveys 
both cover the entire region at 1.4 GHz, but only to relatively shallow 
noise levels of 150 and 450 μJy       , respectively. Franzen et al. 
(2011) and Davies et al (2011) surveyed at 15.7 GHz different fields in the 
Lockman Hole region with the Arcminute Microkelvin Image (AMI, 30 
arcsec beam size) for a total of 27 square degrees complete to 1 mJy and 
12 square degrees complete to 0.5 mJy (10C survey). 
 
The Lockman Hole Project is a wide international collaboration aimed at 
exploiting the multi-band extensive and deep information available for the 
Lockman Hole region to better characterize the physical and evolutionary 
properties of the various source populations detected in deep radio fields 
(mainly star-forming galaxies and AGNs).  
In this general framework, the present thesis is aimed at investigating the 
radio spectral properties of the faint radio population as a function of flux 
density. In particular we are interested in investigating the spectral 
flattening seen in deep radio fields, presumably associated to self-absorbed 
core-dominated AGNs. In this respect particularly interesting is a reliable 
assessment of the spectral index behaviour of faint sources at     
frequencies  1.4 GHz, where self-absorption effects can be more 
prominent.  
For this purpose deep, wide-area observations at various radio-wavelengths 
were carried out with both Westerbork (at 345 MHz and 1.4 GHz) and 
LOFAR. It is worth noticing that LOFAR allow us, for the first time, to 
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extend the spectral index analysis down to frequencies  300 MHz, a 
frequency domain never explored before at mJy and sub-mJy flux 
densities.  
The 1.4 GHz survey was mainly motivated by the lack of an extensive 
(several degrees) 1.4 GHz coverage of the Lockman Hole region down to 
μJy flux densities. The confusion-limited shallower 345 MHz observations, 
on the other hand, provide an important observational constraint that can 
fill the gap between the deep observations available at higher frequency 
and the LOFAR observations at lower frequency. The LOFAR 
observations presented in this thesis were undertaken during different 
commissioning phases of the telescope, and are to be considered as 
preparatory for the deeper Lockman Hole observations that will be carried 
out in the near future as part of the LOFAR Survey key-project.  
Thesis Outline 
The present thesis is organized as follows. In Chapters 1 and 2 we present 
the 1.4 GHz and 345 MHz observations respectively. We discuss the 
observing and calibration strategy, the data reduction, and the final images 
obtained. Also discussed are the procedures followed for the source 
extraction at the two frequencies, the source catalogues (presented in 
Appendix A and B respectively), and the derived source counts. 
In Chapter 3 we present the LBA and HBA LOFAR observations and 
tests performed during the commissioning of the telescope. We describe 
the data flagging and calibration performed with the LOFAR Standard 
Imaging pipeline, and the image deconvolution. We also discuss different 
observing and calibration strategies for LOFAR observations to be used for 
deep fields, or more generally for fields which do not have a bright source 
at (or very close to) the center. 
Chapter 4 presents the overall spectral index analysis, performed using the 
available multi-frequency information, including a 610 MHz catalogue 
from the literature, and a preliminary 150 MHz catalogue obtained from 
our best HBA commissioning observations. In order to use this catalogue 
we had to correct the 150 MHz flux densities for the primary beam 
attenuation as a function of distance from the image center.  Such 
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correction was obtained through a statistical procedure. The main results 





































Deep WSRT 1.4 GHz mosaic of the Lockman 
Hole 
1.1 Observations and Data Reduction 
The Lockman Hole was observed with the Westerbork Synthesis Radio 
Telescope (WSRT) at 1.4 GHz, in the period Dec 2006 - Jun 2007. The 
mosaic observations covered an area of ~6.6 square degrees, centered at 
R.A. (J2000) = 10:52:16.6; Dec. (J2000) = +58:01:15. A good compromise 
between uniform sensitivity and observing efficiency is generally obtained 
with a mosaic pattern where pointing spacings are of the order                  
of       , where            √ , and FWHP is the full width 
at half power of the primary beam (see Prandoni et al. 2000).  
For our particular case          , and              . After running 
noise simulations we decided to cover the 6.6 square degrees area with 16 
fields, with spacing of     in RA and     in DEC. This provides in our 
case the best compromise between uniform noise and observing efficiency. 
Each field was observed for 12h. The primary calibrator (3C48) was 
observed for 15min at the beginning of each 12h run, and the secondary 
calibrator (J1035+5628), unresolved on VLBA scale, was observed for 
3min every hour. The data was recorded in 512 channels, organized in 
eight 20 MHz sub-bands, 64 channels each. The channel width is 312 
KHz, and the total bandwidth is 160 MHz. For the data reduction we used 
the Multichannel Image Reconstruction, Image Analysis and Display 
(MIRIAD) software package (Sault & Killeen, 2009). Each field was 
calibrated and imaged separately. Imaging and deconvolution was 
performed in multi-frequency synthesis mode and we taking into proper 
account the spectral variation of the dirty beam over the image during the 
cleaning process (MIRIAD task MFCLEAN). All the images were 
produced using uniform weighting to get the maximum spatial resolution. 
Subsequently we combined together all the images to create a single 
primary beam corrected mosaic (pixel size = 2”). The synthesized beam is 




Figure 1.1 The WSRT 1.4 GHz mosaic 
1.2 Noise Analysis 
To investigate the noise characteristics of our 1.4 GHz image we 
constructed a noise map with the software SExtractor (Bertin & Arnouts 
1996). Although SExtractor was developed for the analysis of optical data, 
it is widely used for noise analysis of radio images as well (see e.g. Bondi et 
al. 2003, Huynh et al. 2005, Prandoni et al. 2006). SExtractor initially 
estimates the local background in each mesh from the pixel data. Then the 
local background histogram is clipped iteratively until convergence is 
reached at ±3σ around its median. The choice of mesh size is very 
important. When it is too small, the background tends to be overestimated 




Figure 1.2 Left: Noise map. Contours refer to 1.1, 1.2, 1.3, 1.5, 1.7, 2, 2.5, 3, 4, 5, 10, 20, 30 
multiples of the noise center value (11 μJy). Right: Visibility function of the WSRT 1.4 GHz 
mosaic. Cumulative fraction of the total area of the noise map characterized by a measured 
noise lower than a given value. Dotted lines indicate the maximum noise value measured over 
40%, 60% and 80% of the total area. 
variation of the background is washed out. A mesh size of 50 x 50 pixel 
(approximately 10 x 10 beams), was found to be appropriate for our case 
(see also discussion in Sect. 1.4). However it should be noted that border 
effects makes less reliable the determination of the local noise in the 
outermost regions of the mosaic. 
  The obtained noise map is shown in Figure 1.2 (left panel). The rms was 
found to be approximately uniform (noise variations < 10%) over the 
central region, with a value of about 11 μJy. Then it radially increases up to 
~500 μJy at the very border of the mosaic. This is in agreement with the 
expectations, as better discussed in Section 1.4 . Sub-regions characterized 
by noise values higher than the expected ones are found in 
correspondence of very bright sources, due to dynamic range limits 
introduced by residual phase errors. In Figure 1.2 (right panel) the total 
area of the noise map characterized by noise measurements lower than a 
given value is plotted. The inner          region is characterized by a 
noise increment ≤ 10% (noise values ≤ 12.1 μJy). Noise increments to 18, 
38 and 90 μJy are measured over the inner 3, 4 and 5      respectively 
(see dotted lines in right panel of Figure 1.2). Border effects are present in 
the very external mosaic region characterized by noise values larger than 
~330 μJy (i.e. 30×11 μJy, see last contour in Fig. 1.2, left panel). 
29 
 
 Figure 1.3 Peak flux density distribution of the radio sources (or source components) before 
(red) and after (black) taking into proper account the noise variations along the mosaic. In the 
latter case the source number is weighted for the reciprocal of the visibility function shown in 
Figure 1.2 (right panel), where we assume S peak > 5σlocal . 
1.3 Source extraction 
We decided to perform the source extraction on the entire mosaic (up to 
rms noise values of ~500 μJy), even though the source catalogue should  be 
considered reliable and complete only up to local noise values of 330 μJy. 
To take into proper account both local and radial noise variations, sources 
were extracted from a signal-to-noise map produced by dividing the mosaic 
by its noise map. A preliminary list of more than 6000 sources with S/N ≥5 
was derived using the MIRIAD task IMSAD. 
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As a first check, the source list was compared with the output of a new 
source extraction algorithm (PyBDSM), recently developed in the 
framework of the LOFAR Surveys key-project. PyBDSM can compute the 
local noise distribution over the map and can also split multi-peaked 
sources (a task that IMSAD does not attempt to do). From this 
comparison we found that in a few cases our procedure (IMSAD + 
Sextractor noise map) fails to detect large low surface brightness sources 
(see example in last panel of Figure 1.7). This is due to the fact that the 
source itself can affect the local noise computation, producing a too high 
detection threshold (       ). PyDSM, on the other hand, is very sensitive 
to local peaks within a source, often producing too many unrealistic 
components. We therefore preferred to base our final catalogue on the 
IMSAD source list (after adding the few missed large low-surface 
brightness sources). 
All the source candidates were then visually inspected through an 
automatic procedure. The goodness of Gaussian fit parameters was 
checked following Prandoni et al. (2000, see their Sect. 2). Typical fitting 
problems arise whenever: 
 Sources are fitted by IMSAD with a single Gaussian but are better 
described by two or more Gaussian; 
 Sources are extended and are not well described by a Gaussian fit. 
In the first case, sources were re-fitted using multiple Gaussian 
components. The number of successfully split sources is 74 in total (64 in 
two components, 8 in three components and 2 in four components). In 
the second case (158 non-Gaussian sources or source components), 
integrated flux densities were measured by summing all the pixels above a 
3σ threshold, using the MIRIAD task CGCURS, which also gives the 
position and flux density of the source peak. Non-Gaussian sources are 
flagged as ”E” in the catalogue. In a few additional cases Gaussian fits were 
able to provide good values for positions and peak flux densities, but did 
fail in determining the integrated flux densities. This happens typically at 
low signal-to-noise values. Gaussian sources with a poor determination of 
the integrated flux are flagged in the catalogue as ”G*”. 
Once the final source list was produced, we computed the local noise, 




Figure 1.4 Left: Local to expected noise ratio distribution as measured in a 50 × 50 pixel box 
around each source. The distribution is well fitted by a Gaussian with FWHM = 0.137 and 
peak position equal to 1.02 (dashed line). Right: Signal-to-noise ratios as measured using either 
       or        . Vertical and horizontal dashed lines indicate the 5σ cut-off for the two signal-
to-noise measurements respectively. 
 
each source position in the noise map) and used it to transform the peak 
and integrated flux densities from S/N units to milliJy units. 
1.3.1 Bandwidth smearing 
Bandwidth smearing, the radio analog of optical chromatic aberration, is a 
well-known effect caused by the finite width of the receiver channels. It  
reduces the peak flux density of a source while correspondingly increasing 
the source size in the radial direction such that the total integrated flux 
density is conserved. The amount of smearing is proportional to the 
distance from the phase center and the channel width (or passband) of the 
data. Assuming a Gaussian beam and passband (see Condon et al. 1998), 
we find that in our particular case the maximum bandwidth smearing is 
          
 ⁄       , where the ratio           
 ⁄  represents the 
attenuation of the source peak flux density with respect to that of an 
unsmeared source. It is therefore clear that bandwidth smearing is not an 
issue for our dataset. 
1.4 Source catalogue 
After accounting for the splitting in multiple Gaussian components the 
catalog lists 6194 sources (or sources components). 
32 
 
 Figure 1.5  Integrated to peak flux ratio as a function of the source signal-to-noise. Lines 
indicate the S/N = 5 cut-off adopted for the source catalogue extraction (dotted), the locus 
    ⁄    (solid), and the envelop function defined by Eq. (1.2) (dashed). Red dots refer to 
unresolved sources; black filled circles refer to resolved or partially resolved sources. 
 
The peak flux distribution of our sources is shown in Figure 1.3 before 
(red histogram) and after (black histogram) taking into proper account the 
noise variations along the mosaic. Once corrected for the source visibility  
function (see right panel of Fig. 1.2), the peak flux distribution gets 
narrower, showing a steeper increase going to lower flux densities. 
However some incompleteness can still be seen in the lowest flux density 
bins. This  incompleteness is the expected effect of the noise at the source 
extraction threshold. Due to its Gaussian distribution, whenever a source 
falls on a noise dip, either the source flux is underestimated or the source 
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goes undetected. This produces incompleteness in the faintest bins. As a 
consequence, the measured fluxes of detected sources are biased toward 
higher values in the incomplete bins, because only sources that fall on  
noise peaks have been detected and measured. As demonstrated through 
Montecarlo simulations in Prandoni et al. (2000), incompleteness can be 
as high as 50% at the 5σ threshold, reducing down to 15% at 6σ, and to 2% 
at 7σ. Correspondingly source fluxes are boosted by a factor of 18% at 5σ, 
of 10% at 6σ and of 6% at 7σ. However such incompleteness effects can be 
(at least partially) counterbalanced by the fact that sources below the 
detection threshold can be pushed above it when they sit on a noise peak. 
To better investigate the local noise (      ) distribution, we compared it 
with the expected noise (      ), defined as the average noise value 
measured within a 50 × 50 pixel box centered at the same position in the 
so-called sensitivity map, which is a map of the expected noise, based on 
the integration time spent on each observed field, and on the complex 
primary beam response obtained when linearly combining all the fields in 
the final mosaic. As shown in Figure 1.4 (left panel), the local noise does 
not generally shows signicant systematic departures from the mosaic 
expected rms value: the distribution can be described fairly well by a 
Gaussian with FWHM = 0.137 and a peak position equal to 1.02 (dashed 
line). Also compared are the signal-to-noise ratios defined, for each source, 
using either        or        (Figure 1.4, right panel). The two measured 
signal-to-noise ratios mostly agree with each other, although a number of 
signicant departures are evident for the faintest and brightest sources. This 
is due to the presence of some residual areas where the noise is not 
random due to systematic effects (noise peaks and stripes). Sources which   
from visual inspection appear to be likely noise peak are flagged as ”n” in  
the catalogue. 
1.4.1 Source size Deconvolution 
The ratio of the integrated flux to the peak flux is a direct measure of the 
extension of a radio source: 
 




 Figure 1.6 Sum of the flux densities of nearest neighbor pairs plotted against their separation. 
Source pairs that lie above the solid line and have flux densities that differ by less than a factor 
of 4 are considered as double source candidates (see red filled triangles). 
 
where      and      are the source FWHM axes and      and      are 
the synthesized beam FWHM axes. The flux ratio can therefore be used 
to discriminate between extended (larger than the beam) and point-like  
sources. In Figure 1.5 we have plotted the flux ratio          ⁄  as a 
function of the signal-to-noise for all the sources (or source components) in 
our catalogue. The flux density ratio has a skew distribution, with a tail 
towards high flux ratios due to extended sources. To establish a criterion  
for extension, errors in the flux measurement have to be taken into 
account, since such errors can introduce an intrinsic spread even in case of 
points sources. We have determined the 1σ error fluctuation of the ratio 
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         ⁄  as a function of the signal-to-noise ratio using the Condon 
(1997) equations of error propagation derived for two dimensional 
elliptical Gaussian fits of point sources in presence of Gaussian noise (see 
Eqs. 1.4, 1.5, 1.6 in Sect. 1.5). We find an envelope function that can be 
characterized by the equation: 
 
 
         ⁄       (
     
      
)
  
 (1.2)  
 
(see dashed line in Fig. 1.5). 
We have then considered as truly resolved only those sources laying above 
such envelope. From this analysis we found that 2561 sources (or source 
components) in the catalogue are unresolved (red dots in Fig. 1.5). 
Another 578 are resolved only in the major axis direction. In total we have 
3055 fully resolved sources ( ~50% of the sample). When unresolved, 
deconvolved angular sizes are set to zero in the catalogue. For a size 
distribution of the sources we refer to Figure 1.10 . 
1.4.2 Multiple-Component Sources 
Radio sources can be made up of a nucleus with hot spots along, or at the 
end of, one or two jets. The individual components of a single source are 
often cataloged separately by Gaussian fitting routines. This will skew  
number statistics, so a method must be devised to identify multiple 
components as belonging to a single source. To recognize multi-
component sources we applied the statistical technique of Magliocchetti et 
al. (1998), later modified by Huynh et al. (2005), where the sum of the 
fluxes of each nearest neighbor pair (    ) versus their separation (d) is 
analyzed (see Figure 1.6 ). The high density of points to the lower right of 
the         plane is to be ascribed to the general population of single-
component sources. Following Huynh et al (2005) a maximum allowed 
separation for single-component sources is then applied as a function of 
the summed flux density, as follows: 
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where      is given in mJy and in      arcsec. This maximum separation 
is shown as a solid line in Figure 1.6 . This procedure proves to be more 
successful than distance-only based criteria for very deep surveys like ours, 
where random pairs can be found even at very small separations. In fact a 
maximum separation varying with summed flux allows to consider faint 
pairs, which are likely to be found by chance, as single sources even when  
at very small separations; at the same time it allows to include among real 
pairs bright sources at large separation.  
Since flux densities of components of real double sources are typically 
correlated, a second constraint was then applied to restrict the matched 
pairs to real physically associated sources. Following Huynh et al. (2005), 
we consider pairs as really physically associated only if their flux densities 
differ by a factor of less than 4. Sources that meet this further requirement 
are shown in Figure 1.6 as large filled triangles. From this analysis we could 
identify 155 additional multiple source candidates. All such sources were 
visually inspected, and 46 were discarded as they are clearly random pairs. 
The remaining 109 pairs are included as double sources and flagged ”M” 
in this release of the catalogue. In the next future these sources will be 
further investigated (and possibly confirmed as multiple) through 
inspection of the deep optical/infrared catalogues and images covering the 
entire Lockman Hole region, which are becoming available. This will allow 
us to identify the host galaxy possibly associated to (multiple) radio 
sources. The final catalog lists 5997 sources, including 183 multiple-
component sources. Most (90%) are sub-mJy sources. 
1.4.3 Catalog Format 
The full radio catalog is shown in appendix A. 
For multiple sources we list all the components (labeled ’A’, ’B’, etc.) 
preceded by a line (flagged ’M’) giving the position of the radio centroid, 
the total flux density and the overall angular size of the source. Source 
positions have been defined as the flux-weighted average position of the   
components (source centroid). For sources with more than two 
components the centroid position has been replaced with the core position 
whenever the core is clearly recognizable. Total source flux densities are 
computed by summing all the component integrated fluxes. Multiple 




Figure 1.7  Examples of the largest multiple and non-Gaussian sources in the catalogue. Row 1: 
three double sources; Row 2: three triple sources; Row 3: one four-component source and two 
non-Gaussian sources 
maximum distance between the source components. Figure 1.7 shows a 
representative sample of the largest multiple and non-Gaussian sources in 
the catalogue. 
1.5 Errors in Source Parameters 
Parameter uncertainties are the quadratic sum of two independent terms: 
the calibration errors, which dominate at high signal-to-noise ratios, and 
the internal errors, due to the presence of noise in the maps. The latter 
dominate at low signal-to-noise ratios. For an estimation of the internal 
errors of the source parameters we refer to Condon’s master equations 
(Condon 1997), which provide error estimates for elliptical Gaussian fitting 
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procedures. Such equations already proved to be adequate to describe the 
measured internal errors for other similar deep 1.4 GHz radio catalogues, 
obtained with the same detection and fitting algorithm (IMSAD) applied to 
radio mosaics (see e.g. Prandoni et al. 2000). Applying Condon’s master 
equation to our radio survey, we derived the relations which describe 1σ 
internal errors for flux density and source axis fitting measurements for 
point sources (            
            ): 
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As demonstrated in Prandoni et al. (2000), the fact that a source is 
extended does not affect the internal accuracy of the fitting algorithm and 
therefore the errors quoted above apply to fitted flux densities and source 
sizes of extended sources as well. 
Similar equations hold for position 1σ internal errors (Condon 1997, 
Condon et al. 1998), that applied to point sources in our radio survey, 
reduce to: 
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Calibration terms are in general estimated from comparison with 
consistent external data of better accuracy than the one tested. The 
Lockman Hole region has been observed at 1.4 GHz by previous smaller 
surveys, using the Very Large Array (VLA). In addition the region is 
covered by shallower VLA all sky surveys like the NVSS (NRAO VLA Sky 
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Survey, Condon et al. 1998) and the FIRST (Faint Images of the Radio 
Sky at Twenty-Centimeters, Becker et al. 1995). None of such surveys can 
in principle be considered of better accuracy than our survey. Nevertheless 
a source flux density/position comparison with those samples, allows us to 
check the consistency of our parameter measurements and calibration with 
those of the other existing surveys, and check for any systematic effects that 
we might have introduced in the image processing (especially at low signal-
to-noise values). 
1.5.1 Comparison with external data 
Our source catalogue was cross-correlated with the shallower NVSS and 
FIRST all-sky catalogues (limiting fluxes ~2.5 and ~1 mJy respectively) and 
with three other deeper overlapping catalogues: the de Ruiter et al. (1997, 
VLA C-configuration) catalogue, covering an area of ~0.35 sq. degr., down 
to 0.12 mJy; the very deep Ibar et al. (2009, VLA mostly B-configuration) 
catalogue, covering an area of 100        , with a limiting flux of 30 μJy; 
and the higher resolution Biggs & Ivison (2006, VLA A+B-configurations) 
catalogue, covering an area of 320        , down to a flux limit of 25 μJy. 
The results of this comparison are shown in Figures 1.8 and 1.9. In Figure 
1.8 we have plotted the WSRT against the other catalogue flux densities 
for all common sources. The plot shows that, despite the different intrinsic 
resolution of the various surveys (as indicated in the plot panels), the 
WSRT flux scale is in very good agreement with the NVSS, FIRST, De 
Ruiter et al. and Ibar et al. ones over the entire flux range probed by the 
different samples. This allows us to conclude that our flux calibration 
errors are within a few percent, in line with expectations, and that no 
systematic effects have been introduced in the image deconvolution 
process. On the other hand, the comparison with Biggs & Ivison (2006) 
shows that our sample is characterized by systematically higher flux 
densities. This may be partly due to the significantly different resolution of 
the two catalogues (~10” against 1.3”). However a similar trend was found 
by Ibar et al. (2009) when comparing their catalogue with the Biggs & 
Ivison one. A detailed analysis of both samples was carried out by Ibar et 
al., who found that the systematic differences in flux are produced by the 
different approaches used for the source extraction. In particular, Biggs & 




Figure 1.8 Flux comparison between our sample and other existing overlapping catalogues. The 
limiting flux and the spatial resolution of comparison samples are reported in each panel. See 
text for more details. 
 
Figure 1.9 Comparison of source positions between our sample and other existing overlapping 
catalogues. Median values for ΔRA and ΔDec are reported in each panel. 
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were first extracted with areas smaller than the beam. This inevitably yields 
to lower flux measurements (see Ibar et al. 2009 for more details). 
A similar comparison was repeated for source positions and the result is 
plotted in Figure 1.9. Again, the source positions derived for our source 
catalogue are in very good agreement with those derived for the 
comparison samples obtained at  the  VLA  and  with  different  calibration 
strategies. Systematic offsets, if present, can be considered negligible 
(           ) by respect to the intrinsic position measurement errors of 
both our (see Eqs. (1.7) and (1.8) ) and comparison catalogues. The only 
exception is represented by the de Ruiter et al. (1997) sample, where larger 
systematic offsets (                     ) are found. However such 
systematic errors are more likely to be ascribed to the de Ruiter et al 
catalogue, since no significant trend is found in the comparison with the 
other samples. In summary we can conclude that our source position 
calibration strategy (through the use of a VLBA secondary calibrator) was 
successful, and that our reduction strategy has not introduced significant 
systematic offsets. This  is  of  particular  relevance  for  cross-identification 
purposes (with other radio and/or optical/IR catalogues), which is a crucial 
subsequent step of the sample analysis. 
1.6 Source Sizes and Resolution Bias 
Figure 1.10 reports the source deconvolved angular sizes as a function of 
flux density for our sample. The solid line in Figure 1.10 indicates the 
minimum angular size,     , below which deconvolution is not 
considered meaningful, as derived from Eqs. (1.2) and (1.3). In total we 
can successfully deconvolve ~60% of the sources in our sample, ~80% of 
the sources with S ≥ 0.7 mJy and ~90% of the sources with S ≥ 2.5 mJy. 
Above such flux limits, where we have a limited number of upper limits, 
we can reliably undertake a statistical analysis of the size properties. To this 
extent, we compare the median angular size measured in different flux 
intervals for the sources with S ≥ 0.7 mJy (black points) and the angular 
size integral distribution derived for the sources with 1 ≤ S(mJy) ≤ 100 
(broken solid line in the inner panel) to the ones obtained                    
from the Windhorst et al. (1990) relations proposed for                                      
deep 1.4 GHz samples:       
            
     (S in mJy) and 
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Figure 1.10  Deconvolved angular size (       )as a function of integrated flux density (for 
unresolved sources we assume            ). The dot-dashed line represents the size (    ), 
above which the sample gets uncomplete, due to the resolution bias. The solid line indicates 
the minimum angular size (    ), below which deconvolution is not considered meaningful. 
The dashed line indicates the median source size as a function of flux as expected from 
Windhorst et al (1990) relation. Such line has to be compared to the black points which 
represent the median source sizes for different flux intervals, as measured in our sample. The 
inner panel shows the angular size distribution (h( > Θ)) proposed by Windhorst et al. (dashed 
line), compared to the size distribution of sources in our sample (broken solid line). 
 
         [          ⁄  
    ]. We notice that at least in the flux 
ranges where this comparison can be undertaken, our determinations 
show a very good agreement with the ones of Windhorst et al. (1990, see 
dashed lines in Figure 1.10). 
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We notice that flux losses in extended sources can in principle affect our 
source parameterization and even cause incompletes in the source 
catalogue itself. In fact, a resolved source of given      will drop below  the 
peak flux density detection threshold more easily than a point source of 
same     . This is the so-called resolution bias. Eq. (1.2) can be used to 
give an approximate estimate of the maximum size (    ) a source of 
given      can have before dropping below the               limit of the 
source catalogue. Such limit is represented by the black dot-dashed line  
plotted in Figure 1.10. As expected, the angular sizes of the largest sources 
approximately follow the estimated           relation. 
In principle there is a second incompleteness effect, related to the 
maximum scale at which our WSRT observations are sensitive, due to the 
lack of baselines shorter than 36 m. This latter effect can, however, be 
neglected in our case, because it is smaller than the previous one  over  the 
entire flux range spanned by the survey. In fact, according to it, we expect 
the sample to become progressively insensitive to sources larger than 500 
arcsec. Moreover, if we assume the angular size distribution proposed by 
Windhorst et al. (1990) we expect no sources with Θ > 500 arcsec in the 
area and flux range covered by our survey. 
1.7 Source Counts 
We decided to limit the source count derivation to the mosaic region with 
local rms noise < 330μJy (see discussion in Sect. 1.2), corresponding to a 
total area of ~6 square degrees. We used all sources brighter than 66 μJy 
(corresponding to ~6σ in the inner part of the mosaic) to derive the 
differential source counts as a function of flux density. This allows us to 
minimize the incompleteness effects at the source detection threshold (see 
discussion in Sect. 1.4). Integrated flux densities were used for extended 
sources and peak flux densities for point-like sources. Each source has 
been weighted for the reciprocal of its visibility area (              ⁄ ), 
as derived from Fig. 1.2 (right panel), by setting              ⁄  . 
This is the fraction of the total area over which the source could be 
detected. Moreover, we have taken properly into account the catalogue 
incompleteness in terms of integrated flux density, due to the resolution 
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 Figure 1.11 Normalized 1.4 GHz differential source counts for different samples (as indicated 
in the Figure). The counts derived from the catalogue discussed in this work are represented as 
filled black circles. Vertical bars represent Poissonian errors on the normalized counts. 
  
bias discussed in the previous section. The correction c for the resolution 
bias has been defined following Prandoni et al. (2001) as: 
 
    [          ]⁄  (1.9)  
 
where          is the integral angular size distribution proposed by 
Windhorst et al. (1990) for 1.4 GHz samples, which turned out to be a 
good representation of the our source sizes at least down to S ~ 0.7 mJy 
(see Sect. 1.6).      represents the angular size upper limit, above which   
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we expect to be incomplete. This is defined as a function of the integrated 
source flux density as (see Prandoni et al. 2001): 
 
         [         ] (1.10)  
 
where      and       are the parameters defined in Sect. 1.6. The 
     S relation (solid line in Fig. 1.6) is important at low flux levels 
where      (black dot-dashed line in Fig. 1.6) becomes unphysical       
(i.e. →0). In other words, introducing      in the equation takes into 
account the effect of having a finite synthesized beam size (that is     
       at the survey limit) and a deconvolution efficiency which varies 
with the source peak flux. The source counts are shown in Figure 1.11 
(filled black circles) and listed in Table 1.1, where, for each flux interval 
(ΔS), the geometric mean of the flux density (〈 〉), the number of sources 
detected (  ) and the differential counts normalized to a non evolving 
Euclidean model (     ) are given. Also listed are the Poissonian errors 
(calculated following Regener 1951) associated to the normalized counts. 
Our 1.4 GHz source counts are compared with other determinations in 
the Lockman Hole region (de Ruiter et al. 1997; Biggs & Ivison 2006; 
Owen & Morrison 2008; Ibar et al. 2009); in other deep fields like 13h 
XMM (Seymour et al. 2004), HDF South and North (Huynh et al. 2005; 
Biggs & Ivison 2006), ELAIS N2  ( Biggs & Ivison  2006),  SXDF 
(Simpson et al. 2006) and SSA13 (Fomalont et al. 2006); including large    
( > 1 sq. degr.) deep fields, like PDF (Hopkins et al. 2003), VLA-VVDS 
(Bondi et al. 2003), VLA-COSMOS (Bondi et al. 2008); and in brighter 
large ( 10 sq. degr.) surveys like FIRST (White et al. 1997) and ATESP 
(Prandoni et al. 2001). Despite the large scatter found at low flux densities 
(S < 1 mJy), mainly due to Poisson statistical fluctuations, our counts are in 
line with others reported in the literature and, thanks to the large area 
covered, provide one of the most robust determination in the flux interval 
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0.066 - 0.104 0.083 1476           
      
0.104 - 0.165 0.131 1481           
      
0.165 - 0.261 0.207 925           
      
0.261 - 0.413 0.328 581           
      
0.413 - 0.652 0.519 375           
       
0.652 - 1.031 0.820 231           
      
1.031 - 1.631 1.298 177          
      
1.631 - 2.578 2.050 108          
      
2.578 - 4.076 3.242 57          
     
4.076 - 6.445 5.126 50          
      
6.445 - 10.191 8.105 34          
      
10.191 - 16.113 12.814 35           
       
16.113 - 25.477 20.261 16           
      
25.477 - 40.283 32.036 14           
       
40.283 - 63.693 50.653 10       
     
63.693 - 100.71 80.090 10         
     
100.71 - 159.23 126.63 7         
     
159.23 - 251.77 200.23 4        




Deep 345 MHz WSRT observations of the 
Lockman Hole 
Deep 345 MHz observations overlapping the region imaged at 1.4 GHz 
were obtained with the WSRT in maxi-short configuration during winter 
2012. The observations were carried out in the night of February 1st, 2012. 
The WSRT field of view covers at this frequency an area of ~14 square 
degrees, and the pointing was centered at R.A. = 10:52:16.6;                  
Dec = +58:01:15 (i.e. coincident with the central position of the  WSRT 
1.4 GHz mosaic). The total observing time was 10.5 hours. However the 
observations were severely affected by interferences, and ~30% of the 
visibilities were flagged out. The primary calibrator (3C147) was observed 
for 15min at the beginning of the observations. The data was recorded in 
1024 channels, organized in 8 sub-bands, 128 channels each. The 8 bands 
were centered at frequencies of 320, 328, 337, 346, 355, 364, 372 and 380 
MHz. 
The data reduction was done using the MIRIAD software package (Sault 
& Killeen, 2009). Gain and phase calibration was performed for each sub-
band separately, using the primary calibrator 3C147, then the sub-bands 
were merged together. The weighted average frequency of the merged 
dataset is 345 MHz. Imaging and deconvolution were performed in multi-
frequency synthesis mode. In order to take into proper account the 
spectral variations of the dirty beam over the image we used the MIRIAD 
task MFCLEAN for the deconvolution process. Self-calibration was 
performed using standard procedures. Uniform weighting was used to 
maximize the spatial resolution. The obtained synthesized beam is    
70.17” × 43.74”, PA = −5°. The final image, corrected for the primary 
beam attenuation, is shown in Fig. 2.1. The radial increase of the noise 
towards the edges of the field, introduced by the primary beam correction 
is clearly visible, as well as noise artefacts around the brightest sources, that 
could not be fully removed through self-calibration. Highlighted is the 
inner region covered by the WSRT 1.4 GHz mosaic  and the (somewhat 
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 Figure 2.1 The WSRT 345 MHz image. The pixel size is 13” × 13”. The boxes highlight the 
region covered by the 1.4 GHz mosaic and the region over which we extracted our 345 MHz 
source catalogue. 
 
larger) region over which we extracted our 345 MHz catalogue (see Sect. 
2.2 for more details). 
2.1 Noise Analysis 
To investigate the noise characteristics of our 345 MHz image we 
constructed a noise map with the MIRIAD task SFIND. This task initially  
estimates the local background in uniformly distributed cells. The choice 
of the cell size is very important. When it is too small, the background 
tends to be overestimated due to the presence of real sources. When it is 
too large, any small scale variation of the background is washed out. A size 
of 40 ~ 40 pixel (approximately 7.5×12 beams), was found to be 
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 Figure 2.2 Noise profile as a function of distance from the 345 MHz image centre (black 
points). The increase in the noise profile is due to the primary beam correction. Also plotted is 
the noise profile in the 345 MHz image before applying the correction for the primary beam 
attenuation (red points). The dotted line indicate the noise behavior expected in a thermal 
noise limited, primary beam corrected image. 
 
appropriate for our case. However it should be noted that border effects  
make less reliable the determination of the local noise in the outermost 
regions of the mosaic. Noise images were constructed either before or after 
correcting the deconvolved and self-calibrated image for the primary beam 
attenuation. 
The expected thermal noise in the centre of our 345 MHz image (uniform 
weigthing) is ~ 0.11 mJy. However, given the poor resolution of 
Westerbork at 90 cm band, confusion is expected to limit the effective 
noise that we can reach.  
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In order to probe the effect of confusion in  our  primary  beam  corrected  
image, we measured the noise variations as a function of distance from the 
image centre by dividing the noise image in annulii of 20 arcmin width. In 
each annulus, a reference noise value was computed as the average of the 
pixel values. In this analysis we excluded (at least to some extent) sub-
regions characterized by high noise values in correspondence of very bright 
sources, due to dynamic range limits introduced by residual phase errors. 
This was done by iteratively clipping noise pixel values exceeding the mean 
value by 3σ.  
As illustrated in Figure 2.2, the noise is rather constant up to a distance of 
70 arcmin from the image center. Then it rapidly increases, as a 
consequence of the primary beam correction, reaching a few mJy value at 
the very border of the image (see black points). It is clear that the observed 
noise in the central part of the 345 MHz image is larger than expected, 
about 0.5 − 0.6 mJy; this we attribute to the combination, in quadrature, of 
thermal and classical confusion noise. The observed  noise profile can in 
fact be understood as a result of the two noise contributions mentioned 
above. Going to larger radius the increasing beam-corrected thermal noise 
will, initially, be compensated by a decrease in confusion noise leading to 
the observed flat profile. Then the noise behaviour starts to follow the 
primary beam correction factor (see dotted line). 
In order to probe the hypothesis above we repeated the same noise 
analysis in the image obtained before correcting for the primary beam 
attenuation (see red points in Fig. 2.2). The noise is again found to be    
0.5 − 0.6 mJy in the central region of the image, in agreement with what 
found in the primary-beam corrected image. Going at larger radii the noise 
decreases smoothly, until the confusion noise term becomes negligible. At 
the very border of the image the measured noise is ~ 0.15 mJy. This 
provides a rather independent estimate of the genuine thermal noise, 
which is consistent with the expectations. 
From this analysis we can provide an estimate of the confusion noise in 
our images. Assuming   √   
             , and            , 
we obtain           . An independent estimate of the expected 
confusion noise can be derived from the source number counts, using the 
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 Figure 2.3 Visibility function of the WSRT 345 MHz image. Cumulative fraction of pixels of 
the noise map characterized by a measured noise lower than a given value. This analysis refers 
to a total area of ~7 sq. degrees, i.e. the area considered for the source extraction. 
 
classical formula    
    
   
       ⁄ , where q is the signal-to-noise ratio 
(here assumed = 5), Ω is the synthesized beam area (in sr), K and γ are the  
normalization and the slope of the number counts            
(Condon 1974). Using the linear fit obtained from our number counts (see 
Sect. 2.4 for more details), we obtain           . This value is fully 
consistent with the one reported above. 
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2.2 The source catalogue 
We decided to perform the source extraction in the inner ~7 square 
degrees of the image (extending to ~90 arcmin distance from the image 
center), where the noise is lowest and flattest (see Fig. 2.2). However sub-
regions characterized by high noise values in correspondence of very bright 
sources are present, where very high noise values can be measured. Figure 
2.3 shows the so-called visibility function, i.e. the cumulative fraction of the 
total area considered for the source extraction (~ 7 square degrees) 
characterized by noise values lower than a given value. We notice that 
about half of the area is characterized by noise values ≤ 0.8 mJy (see 
dashed lines). We therefore assume this as a reference noise value for our 
source extraction. 
Incidentally, we notice that the region chosen for the source extraction 
overlaps with the deep WSRT 1.4 GHz catalogue (see Fig. 2.1) allowing us 
to study the radio spectral behaviour of our sources (see chapter 4). 
Sources were extracted by using the MIRIAD task SFIND. This task 
incorporates a statistically robust method for detecting source pixels, called 
FDR (False Discovery Rate, Hopkins et al 2001). In this method the 
following steps are performed: 
 Step 1: The background (mean) and standard deviation (σ) for the 
whole image in uniformly distributed regions are estimated. With 
these values known, the image has the mean subtracted and is 
divided by its σ to create a normalized image. 
 Step 2: The FDR method is implemented using the normalized 
image. Each pixel is assigned a p−value, a probability that it was 
drawn from the background, and a cutoff p−value is established 
based on the percentage of false rejections (source pixels). 
 Step 3: With the FDR cutoff threshold established, sources may 
now be detected and measured. Each pixel with a p−value lying  
*below* the cutoff p−value (i.e. a low chance of being drawn from 
the background) may be part of a source. For each such ’FDR-
detected’ pixel, a hill-climbing routine finds a local peak from 
adjacent FDR-selected pixels. This is then used as the starting point 
for a routine that selects contiguous monotonically decreasing 
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adjacent pixels from the FDR-selected ones, and to which a 2-D 
elliptical gaussian is fit. 
Sources were extracted in the image using a p-value threshold of 0.007. 
This corresponds to a threshold of 5σ. All the sources were visually 
inspected and re-fitted in case of failure of the parameter estimates. 
In confusion-limited images, source blending can severely affect Gaussian 
single component fitting procedures. Confused sources were then re-fitted 
as the sum of two - or more – individual Gaussian components. Whenever 
confused components could not be successfully separated due to their 
significant overlap, they were treated as single extended non-Gaussian 
sources for which the position was assumed to be the peak position and 
the flux value the sum over source pixels with signal-to-noise ratio   . 
The final catalogue contains 334 sources. The full catalogue is presented in 
appendix B.  
2.3 Errors in Source Parameters 
Parameter uncertainties are the quadratic sum of two independent terms: 
the calibration errors, which dominate at high signal-to-noise ratios, and 
the internal errors, due to the presence of noise in the maps. The latter 
dominate at low signal-to-noise ratios. As done for the 1.4 GHz catalogue 
we used Condon’s master equations (Condon 1997) to estimate the 
internal errors of the source parameters. Applying Condon’s master 
equation to our radio survey, we derived the following relations which 
describe 1σ internal errors for flux density and source axis fitting 
measurements for point sources: 
 
 
   (     )      ⁄       (      ⁄ )
  
 (2.1)  
 
 
  (    )     ⁄       (      ⁄ )
  
 (2.2)  
 
 
            ⁄       (      ⁄ )
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 Figure 2.4  Flux comparison for the 136 sources catalogued at 345 MHz, which are also 
present in the 325 MHz WENSS catalogue. The diagonal line indicates the 1:1 flux density 
ratio. The horizontal line indicates the flux density limit of the WENSS catalogue ( ~  18 mJy). 
 
Such errors apply to fitted flux densities and source sizes of extended 
sources as well ( see Prandoni et al. 2000). Flux calibration errors are in 
general estimated from comparison with consistent external data of better 
accuracy than the one tested. Our source catalogue was cross-identified 
with the WENSS survey (Rengelink et al. 1997) carried out at 325 MHz. 
Due to the shallowness of the WENSS survey (S > 18 mJy) the two 
samples have only 136 common sources. The results of the flux 
comparison between the two catalogues are shown in Figure 2.4. 
Low-frequency selected samples are typically dominated by steep-spectrum 
sources at their bright end (see e.g. Bondi et al. 2007; Garn et al. 2008; 
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Ibar et al. 2009; Owen et al. 2009). This means that we should measure 
higher flux densities at 325 than at 345 MHz; and indeed bright sources   
(S > 50 mJy) have 345 MHz fluxes ~10% lower than WENSS ones.  
However, assuming a standard synchrotron spectral index       , we  
would expect 345 MHz flux densities only 5% lower. In other words there 
seems to be a systematic flux underestimation of ~ 5% at 345 MHz. We 
notice that the 345 MHz flux densities listed in appendix B are raw fluxes 
(not corrected for this systematic effect). On the other hand, such an effect 
is accounted for in the derivation of the source counts and of the radio 
spectral indices presented in chapter 4.  
2.4 Source counts 
Our 345 MHz catalogue was used to derive the differential source counts 
as a function of flux density. The source counts are listed in Table 2.1, 
where the geometric mean of the flux density (S ), the number of detected 
sources (   ) and the normalized differential counts (  
    ) are given for 
each flux interval (ΔS). The Poissonian errors (calculated following 
Regener 1951) associated to the normalized counts are also listed. The 345 
MHz source counts obtained for the Lockman Hole field are compared 
with previous determinations at similar frequencies (325 and 408 MHz) in 
Fig. 2.5 . Also shown is the 327 MHz counts fit derived by Wieringa 
(1991, black line) in the flux density interval 4 − 1000 mJy, and its 
extrapolation to 345 and 408 MHz (blue and magenta lines respectively), 
obtained by assuming a spectral index of       . As illustrated in 
Figure 2.5, our counts (blue filled circles) are consistent with both the 
deeper counts obtained at 325 MHz in the SWIRE field (Owen et al. 
2009) and the ones derived from shallower surveys at 408 MHz. We also 
find a very good agreement with the extrapolated fits. 
We derived a linear fit to our normalized differential counts in the flux 
density range 4.8 − 200 mJy, where the counts can be described by a single 
power law: 
    [       
   ]       [    ]     (2.4)  
 
finding                and                .  This corresponds 
to  (    )     
  
 , with                and γ = 0.670±0.005. 
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 Figure 2.5 Normalized differential source counts for different samples: 408 MHz 5C Surveys 
(Pearson 1978; red filled circles); 408 MHz Molonglo Surveys (Robertson 1977; green 
symbols); 408 MHz Bologna B2 and B3 Surveys (Colla et al. 1973; Grueff 1988; magenta 
symbols); 325 MHz Lynx (Oort et al. 1988) and SWIRE (Owen et al. 2009) fields (empty and 
filled black symbols respectively). Our 345 MHz source counts derived in the Lockman Hole 
field are shown as blue filled circles. Vertical bars represent Poissonian errors on the 
normalized counts. Also shown is the fit obtained by Wieringa 1991 at 325 MHz (black line) 
and its extrapolations to 345 and 408 MHz (blue and magenta lines respectively, see text for 
details). 
 
This slope is fully consistent with that found by Wieringa (1991, γ   0.65). 
Our linear fit was used to provide an estimate of the confusion noise in our 
345 MHz image (see Sect. 2.1). 
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Finally we notice that no sign of incompleteness is found down to the flux 
limit of ~ 4.8 mJy used to derive the counts (corresponding to 6σ, if we 
assume our reference noise value    0.8 mJy). 
 





   
      
           
4.8 – 6.8 5.7 42         
     
6.8 – 9.6 8.1 38         
     
9.6 – 13.6 11.4 49      
    
13.6 – 19.2 16.1 42       
    
19.2 – 27.2 22.8 30       
    
27.2 – 76.8 45.7 74       
    
76.8 – 266.0 142.9 25       
     
266.0 – 921.6 495.2 22         
     
921.6 – 3192.5 1715.3 2          

















LOFAR imaging tests and commissioning 
observations 
In the framework of this thesis we performed a number of imaging tests 
with both the LOFAR High Band and Low Band Arrays (HBA and LBA 
respectively). The data were flagged and calibrated using the dedicated 
LOFAR reduction pipeline which is being specifically developed for 
LOFAR. Imaging was performed with the CASA data reduction package. 
The main purpose of these tests was to understand the LOFAR 
performance in its commissioning phase, and to get practice on LOFAR 
data reduction issues. 
3.1 The LOFAR pipeline  
In the following we briefly describe the main steps of the LOFAR 
Standard Imaging pipeline. In particular we focus on the flagging, averaging 
and calibration modules, as the pipeline imager ( MWImager) was not 
used in the framework of this thesis. This was due to the poor 
performance of such an imager at the time of these imaging tests.  
3.1.1 The New Default Pre-Processing Pipeline 
NDPPP (New Default Pre-Processing Pipeline) takes care of the ﬂagging 
and averaging of LOFAR data. It delivers data which are mostly clean of 
RFI and are a suitable starting point for subsequent calibration.  
NDPPP can perform the following operations: 
 Flagging ( either automatic or manual); 
 Averaging in time and/or frequency; 
 Phase shifting to another phase center; 
 Combining subbands into a single Measurement Set (MS); 
 Demixing and subtraction of A-team sources (that is the bright 
sources which dominate the low frequency radio sky: CasA, CygA, 
VirA, TauA, HydA, HerA). The removal of these sources from the 




 Adding stations to form a superstation. The station adder step in 
NDPPP makes it possible to add stations incoherently in order to 
form a superstation. This can be used to combine all superterp 
stations, but can, for instance, also be used to add up all core 
stations; 
 Filtering out baselines and/or channels; 
The above steps can be combined in any way. The same step can be run 
multiple times with different parameters. 
The input to NDPPP is any (regularly shaped) Measurement Set ( MS). 
Regularly shaped means that all time slots in the MS must contain the 
same baselines and channels. The data in a given column are piped 
through the flagging and averaging steps defined in a configuration file 
(called parset file) and finally written. This makes it possible to flag at full 
resolution, average, flag on a lower resolution scale, perform more 
averaging, and finally write the data to a new MS. The output can be a new 
MS, but it is also possible to update the flags in the input. 
The flagging and/or averaging parameters have to be defined in the parset 
file. The various steps are executed in the given order, where the data are 
piped from one step to the other, until all data are processed. Each step is 
given a name to be used thereafter, as a prefix in the keyword names 
specifying the operation type and its given parameters. 
Flagging 
The properties of the flagging performed through NDPPP can be 
summarized as follows. 
 If one correlation is flagged, all correlations will be flagged; 
 The input step (msin) defines which MS and which DATA column 
to use. It sets flags for invalid data (NaN or infinite); 
 A PreFlagger step can be used to flag (or unflag) on time, baseline, 
elevation, azimuth, uv-distance, channel, frequency, amplitude, 
phase, real, and imaginary. Multiple values (or ranges) can be given 
for one or more of these parameters (or keywords). A keyword 
matches if the data match one of the given values. The results of all 
given keywords are AND-ed. For example, only data matching given 
channels AND baselines are flagged. Keywords can be grouped in a 
set making it a single (super) keyword. Such sets can be OR-ed or 
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AND-ed. This makes it possible to flag, for example, channel 1-4 
for baseline A and channel 34-36 for baseline B; 
 A UVWFlagger step can be used to flag on UVW coordinates in 
meters and/or wavelengths. It is possible to base the UVW 
coordinates on a given phase center. If no phase center is given, the 
UVW coordinates in the input MS are used; 
 A MADFlagger step can be used to flag on the amplitudes of the 
data. It flags based on the median of the absolute difference of the 
amplitudes over the median of the amplitudes. It uses a running 
median with a box of a given size (number of channels and time 
slots) and then it flags all data above a certain threshold (for instance 
N   median). It is a rather time consuming flagging method with 
usually good results. It is possible to specify which correlations to 
use in the MADFlagger. Flagging on XX only, can save a factor 4 in 
time; 
 An AOFlagger step can be used. The AOFlagger (the algorithm 
executed by the program ”RFI Console”) is an independent flagger. 
Several comparisons have been made between the MADFlagger and 
the AOFlagger, and the consensus is that the AOFlagger is more 
accurate. Using the AOFlagger within NDPPP is usually faster than 
using RFI Console itself, because it does not reorder the data. 
Instead it flags in a user-defined time window. It is possible to 
specify a time window overlap to reduce possible edge effects. The 
larger the time window, the better the flagging results. It is possible 
to specify the time window by means of the amount of memory to 
be used. The flagging strategy can be given in the RFI Console 
strategy file. Such a file should not contain a ’baseline iteration’ 
command, because NDPPP itself iterates over the baselines; 
Averaging 
The properties of the averaging performed through NDPPP can be 
summarized as follows. 
 Unflagged visibility data are averaged in frequency and/or time 
taking weights into account. New weights are calculated as the sum 
of the old weights;  
 The UVW coordinates are also averaged (not recalculated); 
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 A new column (LOFAR FULL RES FLAG) with the flags at the 
original resolution for the channels selected from the input MS is 
filled. It can be used by the calibration module ( BBS) to deal with 
bandwidth and time smearing; 
 Averaging in frequency requires that the average factor fits integrally. 
E.g. one cannot average every 5 channels when having 256 channels; 
 When averaging in time, dummy time slots will be inserted for those 
missing at the end. In that way the output MS is still regular in time; 
 An averaged point can be flagged if too few unflagged input points 
were available; 
3.1.2 Calibration with BlackBoard Selfcal (BBS) 
BBS (BlackBoard Selfcal) is a software package that was designed for the 
calibration and simulation of  LOFAR data.  
The sky as observed by LOFAR is the ”true” sky distorted by 
characteristics of the instrument (station beam, global bandpass, clock 
drift,etc.) and of the environment (ionosphere). The goal of calibration 
(and imaging) is to compute an accurate description of the ”true” sky from 
the distorted measurements. 
The influence of the instrument and the environment on the measured 
signal can be described by the so-called Measurement Equation. 
Calibration involves solving the following inverse problem: given the 
measured signal (observations) and a parameterized Measurement 
Equation (model), the set of parameter values that minimizes the 
difference between the model and the observations has to be found. 
The core functionality of BBS can conceptually be split into two parts. 
One part concerns the simulation of visibilities given a parameterized 
Measurement Equation. The other part concerns estimating improved 
parameter values given a set of simulated and a set of observed visibilities. 
Parameter estimation is done by executing these two parts into a loop until 
a convergence criterion is met. Simulation and source subtraction only use 
the first part. 
The LOFAR telescope produces of the order of several Gigabyte (GB) of 
data per second. In order to cope with such a high data rate, BBS was 
designed to run on a computer cluster, using many computer cores to 
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 Figure 3.1 Illustration of the interactions between BBS processes during global parameter 
estimation  
work on the same observation. BBS consists of three separate executables: 
GlobalControl, KernelControl, and SolverControl. The GlobalControl  
process monitors and controls a set of KernelControl processes, and  
possibly one or more SolverControl processes. Each subband is processed 
by a separate KernelControl process. 
As input, BBS requires an observation (set of subbands), a source model 
catalog, a table of initial model parameters, and a parset file that speciﬁes 
the operations that need to be performed on the observation as a whole. 
As output, BBS produces a processed observation, a table of estimated 
model parameters, and several log ﬁles. 
The GlobalControl process instructs the KernelControl processes to load 
a given chunk of time (from each subband) into memory and to perform 
all operations listed in the parset file. After optionally writing the processed 
chunk to disk, the next chunk is loaded, and this process continues until 
the entire observation has been processed. 
Often, a single subband already provides enough signal for parameter 





Figure 3.2 The  UV coverage of the 3C196 field LOFAR observation. 
each subband and no communication between KernelControl processes is 
required.  
When a single subband does not provide enough signal, BBS offers the 
possibility to use data from multiple subbands for parameter estimation. 
This is called global parameter estimation. 
The set of subbands can be partitioned into (contiguous) calibration 
groups. BBS will compute a single independent parameter estimate for 
each group (instead of for each subband).  
Figure 3.1 shows the interaction between the KernelControl and 
SolverControl processes when computing a global parameter estimate: 
Each KernelControl process computes a set of equations and sends it to 
the SolverControl process assigned to the group it is part of. The 
SolverControl process merges the set of equations with those from other 
KernelControl processes in the group. Once it has received a set of 
equations from all the KernelControl in its group, the SolverControl 
process computes a new estimate of the model parameters. This is sent 
back to all KernelControl processes in the group and the whole process 





 Figure 3.3 The 3C196 field final image. 
 
3.2 LOFAR HBA test observation of the 3C196 field  
In October-November 2010 we performed an imaging test of the 3C196 
field  using the High Band LOFAR Array (HBA). The field was observed 
for 6h. In the data reduction we focused on subband 118, centered at 138 
MHz. The main goal of this test was to get familiar with LOFAR data 
reduction issues and for this purpose we chose a field centered on a bright 
source, 3C196. For such source a good model is available, and this should 
simplify the calibration of the field. 
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3.2.1 Flagging and Calibration  
The data flagging and calibration was done with the LOFAR pipeline. For 
the calibration, we used the one component 3C196 sky model. The flux 
density value of 3C196 in the sky model, obtained from the NED, is 78.9 
Jy at 178 MHz, with a spectral index value of        . The expected 
flux density at 138 MHz is therefore 91.2 Jy. After the first calibration, two 
antennas (9 and 15) needed to be flagged out. Then BBS was run again. 
3.2.2 Imaging  
The imaging was performed using the CASA data reduction package. We 
used the CASA task CLEAN to make deconvolved images. We noticed 
strong variations in the size of the restoring beam when using different 
values for cell size and weighting parameters. In Table 3.1 the size of the 
restoring beam obtained for different cell sizes and weighting schemes is 
reported. 
As shown in the table, there is a “stability range” for uniform and Briggs 
weighting schemes for cell sizes between 1 and 4 arcsec. For Briggs 
weighting schemes, the restoring beam is stable in this range up to a robust 
value of 0.4 . On the other hand, natural weighting is very unstable, no 
matter the cell size used. Slight differences in restoring beam have been 
found also when changing the image size. This instability is probably 
introduced by the use of the Fast Fourier Transform (FFT) cleaning 
method in the deconvolution. 
Due to the sparse UV coverage at long baselines (Fig. 3.2), uniform 
weighting is not a good choice, so we decided to use the Briggs weighting 
with robust = 0.3 to produce the final image. 
In order to detect background sources in the field we imaged a large field 
of view, and therefore w-term effects have to be taken into account. For an 
image of about 7 degree sideways a number of w-projection planes for 
convolution = 64 ( parameter gridmode = widefield) was used. 
In order to estimate bandwidth smearing effects, we used the formula 
(Condon et al. 1998): 
     
     
    
 
√  [       ⁄ ][    ⁄      ⁄  ] 
   
66 
 
Table 3.1 Size of the restoring beam obtained for different cell sizes and weighting schemes. 
Weighting Cell size  
(arcsec) 
Restoring beam size 
(arcsec) 
Natural 1 28.86 X 18.38 
Natural 2 31.18 X 21.8 
Natural 3 39.26 X 36.11 
Natural 4 46.40 X 39.92 
Natural 5 60.92 X 45.41 
Natural 6 69.67 X 51.76 
Natural 7 76.15 X 60 
Natural 8 83.43 X 68.65 
Natural 9 98.36 X 85.39 
Natural 10 111.28 X 98.08 
Uniform 1 14.39 X 8.85 
Uniform 2 14.16 X 8.73 
Uniform 3 14.35 X 9.02 
Uniform 4 14.5 X 8.85 
Uniform 5 41.13 X 10.44 
Uniform 6 48.90 X 11.22 
Uniform 7 53.83 X 15.09 
Uniform 8 48.95 X 11.95 
Uniform 9 64.32 X 17.25 
Uniform 10 75.34 X 49.51 
Briggs (Robust = 0) 1 17.01 X 10.17 
Briggs (Robust = 0) 2 16.63 X 10.20 
Briggs (Robust = 0) 3 16.56 X 10.24 
Briggs (Robust = 0) 4 16.65 X 10.33 
Briggs (Robust = 0) 5 46.32 X 12.51 
Briggs (Robust = 0) 6 49.13 X 10.05 
Briggs (Robust = 0) 7 57.24 X 16.23 
Briggs (Robust = 0) 8 49.60 X 13.97 
Briggs (Robust = 0) 9 66 X 18.34 
Briggs (Robust = 0) 10 78.13 X 54.92 
Briggs (Robust = 0.3) 1 17.5 X 10.54 
Briggs (Robust = 0.3) 2 16.23 X 10.63 
Briggs (Robust = 0.3) 3 16.65 X 11.02 
Briggs (Robust = 0.3) 4 16.91 X 11.39 
Briggs (Robust = 0.3) 5 49.32 X 12.96 
Briggs (Robust = 0.3) 6 50.13 X 11.05 
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Weighting Cell size  
(arcsec) 
Restoring beam size 
(arcsec) 
Briggs (Robust = 0.3) 7 59.24 X 17.61 
Briggs (Robust = 0.3) 8 48.41 X 14.97 
Briggs (Robust = 0.3) 9 67.05 X 19.34 
Briggs (Robust = 0.3) 10 80.23 X 56.32 
Briggs (Robust = 0.4) 1 26.86 X 15.38 
Briggs (Robust = 0.4) 2 29.28 X 20.4 
Briggs (Robust = 0.4) 3 37.63 X 33.98 
Briggs (Robust = 0.4) 4 44.83 X 37.93 
Briggs (Robust = 0.4) 5 58.29 X 44.41 
Briggs (Robust = 0.4) 6 66.97 X 50.35 
Briggs (Robust = 0.4) 7 75.53 X 59.43 
Briggs (Robust = 0.4) 8 82.79 X 67.21 
Briggs (Robust = 0.4) 9 96.61 X 83.94 
Briggs (Robust = 0.4) 10 109.86 X 96.81 
 
where        is the measured peak flux density at distance   from the 
phase expressed in units of restoring beam,       
  is the unsmeared peak 
flux density at    , Δν is the channel width ( Δν = 183 KHz ) and ν is 
the channel central frequency ( 138 MHz). Allowing for a maximum flux 
smearing of           
      ⁄  at the border of the image (d = 3.5°), we 
obtained a restoring beam of       . 
To produce the final image (Fig. 3.3), we used BBS to self-calibrate the 
data. After cleaning for 5000 iteration, the noise in the inner quarter of the 
image is about 30 mJy. The flux density of 3C196 measured on the image 
is about 93 Jy, in very good agreement with the 3C196 sky model. 
However the self-calibration process could not completely remove the 
phase error features found around bright sources. These errors are 
particularly relevant for edge sources (Fig. 3.4 and 3.5), while are less 
relevant for the sources in the inner part of the image (Fig. 3.6), and are 
negligible for the central source 3C196 (Fig. 3.7). 
We repeated this test on a new 3C196 field dataset obtained with the new 
beam former and station calibration implemented. The final image and the 




Figure 3.4 First example of edge source. 
 
Figure 3.5 Second example of edge source. 
 
We can note a significant improvement in terms of phase errors. The 
noise in the inner quarter of the image is about 20 mJy, and the noise 
computed around bright edge sources is reduced by a factor of about 1.5. 
The flux obtained for 3C196 is 92.4 Jy, again in very good agreement with 




Figure 3.6  Example of inner source. 
 
 









Figure 3.9 The first edge source observed with the new beam formed. 
 




Figure 3.11 The inner source observed with the new beam formed. 
 
 





3.3 Lockman Hole LOFAR LBA commissioning observation 
The Lockman Hole was observed for the first time with LOFAR LBA at 
58 MHz for 6h in April 2011 as part of the commissioning program of the 
telescope. This was the first LOFAR LBA observation of a deep field and 
was meant to test the reduction procedure on a field with no bright source 
at the center. In particular we explored the possibility of using a skymodel 
obtained from existing all sky surveys for the field calibration. The data 
were flagged using NDPPP and calibrated with BBS.  
To remove the strong side lobes produced by the strongest radio sources 
in the sky, the so-called A-team (CasA, CygA, VirA, TauA, HerA) was 
subtracted from the target visibilities. For this purpose we used the so-
called ”demixing” procedure. Removing this contribution is essential to 
make it possible to properly calibrate the target field. 
The initial sky model was obtained with the source extraction software 
PyBDSM from the 74 MHz VLA Low Frequency Sky Survey (VLSS). 
The model consists of 578 source components. 
After the calibration we had to remove 6 stations (3 international and 3 
remote stations), because the provided sky model from the VLSS is 
obtained at low resolution (80”). This means that the solutions obtained 
for the longest baselines are unreliable.  








The obtained restoring beam is 70” x 65”. The image obtained (Fig. 3.13) 
covers 20 sq. degrees, and is centered at R.A. = 10:45:00.0                    
Dec = +58:00:00. The demixing algorithm and the calibration provided 
very good results, even with no strong source at the field center. The image 
noise is rather uniform over the entire image, and is of the order of 20 
mJy, that is twice the expected thermal noise. Low frequency counterparts 
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Figure 3.13 The LOFAR 58 MHz image of the Lockman Hole. 
of the brightest sources of the WSRT 1.4 GHz catalogue of the Lockman 
Hole (see Chapter 1) were clearly detected. Given the several aspects yet to 
be implemented in the reduction pipeline (direction-dependent gains, 
etc.), this was a very encouraging result. However the flux uncertainties in 
the sky model used, obtained at a different frequency from the one of the 
observations (78 MHz against 58 MHz) did not allow a scientific 
exploration of this dataset. 
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3.4 Lockman Hole LOFAR HBA commissioning observation 
New commissioning LOFAR HBA observations of the Lockman Hole at 
150 MHz were performed in autumn 2011. In this case we were mainly 
interested in testing observing and calibration strategies to be used for deep 
fields, and again more generally for fields which do not have a bright 
source at (or very close to) the field phase center. In particular we wanted 
to test whether we could use the well-known 3C196 source, for which we 
have a very good flux model at LOFAR frequencies and which is 25 
degrees away from the Lockman Hole field center, as a suitable calibrator. 
In addition we wanted to test the data reduction on a full resolution 
LOFAR image. 
In order to calibrate a target field without an a priori model, one way 
forward is to observe a well-known calibrator source, use it to solve for 
station gains, and apply those to the target field in order to make a first 
image and start the self-calibration. There are two approaches that can be 
followed for LOFAR observations : 
 Observe a calibrator in parallel with a target observation, using two 
beams and the same frequency settings for both beams. This has the 
disadvantage that half of the bandwidth is dedicated to the calibrator 
observation, but the time variation of the station gains can be 
retrieved.  
 Observe a calibrator source before or after a target observation, 
using the same frequency settings, with a short time gap between 
calibrator and target. This is the same approach as is used in 
traditional radio interferometers and allows using the full bandwidth 
for the target observation. However, it is not recommended for long 
target observations, because the calibrator gains will only remain 
valid for a relatively short time (the validity is not trivial to quantify, 
but is probably less than an hour in all circumstances, and quite 
possibly significantly less).  
We have tested both approaches. 
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3.4.1 The multi-beam approach 
Unlike other radio telescopes, LOFAR has the ability to observe in 
multiple directions at once, so the calibrator and target beams can be 
observed simultaneously.  
The requirements for this technique are: 
 The calibrator and target beams should be observed simultaneously, 
with the same subband frequency.  
 Any time and/or frequency averaging performed (before the 
calibration steps) on one field must be done in exactly the same way 
for the other field. 
 The calibrator beam should not be too far from the target beam in 
angular distance. Since the definition of “too far” was not clear, we 
made this observation also to test if the distance between 3C196 and 
the Lockman Hole (~25 degrees) is adequate at this frequency ( ν = 
150 MHz. We notice that the distance limit is also driven by the flux 
density of the calibrator, and the attenuation by the tile beam. For a 
good solution on the calibrator, the attenuation should be 
sufficiently low to provide at least a signal-to-noise ratio of 2-3 per 
visibility. 
The LOFAR observations of the Lockman Hole at 150 MHz were 
performed in September 2011, for 6h with two pointed beams: one 
towards 3C196 and another towards the Lockman Hole. The two beams 
were observed at the same time and same frequency.  
In order to do the calibration, and transfer the solution to the target field, 
we first made the calibration of the calibrator 3C196 using BBS with the 
3C196 high resolution two component skymodel. In particular we “solved 
and corrected” for the 3C196 solutions. 
Then we applied the calibrator solution to the Lockman Hole data, and 
made the calibration using a BBS parset which only includes a CORRECT 
step (we do not Solve for new solutions).  
Unfortunately this calibration strategy did not yield good calibration 
solutions, probably due to both the large distance between the calibrator 
and the target, and the presence of another strong source (3C244.1), 
relatively close (~2 degrees) to the center of the target beam, that produces 
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very strong fringes in the data. Solution transfer did not seem the way to 
properly deal with the target calibration.  
A second strategy was used, where a skymodel extracted from the WENSS 
(325 MHz, Rengelink et al. 1997) was used to calibrate the target field. 
Several cycles of self calibration were performed, starting from core 
stations only, and including more and more remote stations in subsequent 
iterations. The results were not encouraging either, partly due to the bad 
quality of this dataset. 
3.4.2 The “traditional” approach 
A new 6h LOFAR observation of the Lockman Hole at 150 MHz  was 
made in October 2011, using a different observing strategy. In this case 
one beam was pointed to 3C244.1 and one to the Lockman Hole field. In 
addition the calibrator 3C196 was separately observed every 30min for one 
minute. This ensures that gain variations with time can be accounted for.   
The total bandwidth was 24 MHz. This setup allowed a good modeling of 
the 3C244.1 source, and, as a result, a good calibration of the entire 
Lockman Hole field. The UV coverage for this observation is shown in 
Figure 3.14. 
When doing calibration transfer in the traditional way, i.e. the calibrator 
and target are observed at different times, the gain solutions can be 
transferred using the task parmexportcal. In this case, we calibrated each 
one minute calibrator observation through BBS. In this step it  is  
important  to  obtain time independent solutions. Moreover, the 
frequencies should match the target subbands. 
Then we used parmexportcal to export the calibrator solutions. They can 
then be applied to target ﬁeld.  
With the aim of producing a good model of  the strong source 3C244.1 to 
be  subtracted  from  the  target  field,  we  applied  gain  solutions   to   the 
corresponding 30 minutes of 3C244.1 data, using a skymodel extracted 
from an archive 1.4 GHz VLA image of 3C244.1, obtained at the same 
resolution of the LOFAR data ( ~ 5 arcsec). The final image obtained for 
3C244.1 is shown in Figure 3.15 . The synthesized beam is 8” x 6” and the 
noise reached is about 20 mJy. 
Finally we applied the gain solutions to the corresponding 30 minutes of 




Figure 3.14 The UV coverage of the HBA LOFAR observation of the Lockman Hole  
  
--instrument-db solcal 
where solcal is the name of the output table of parmexportcal. Then we 
performed the calibration (direction dependent), with the subtraction of 
3C244.1. 
The BBS parset file used includes the following steps: 
 Solve for the gain, in amplitude and phase in the direction of 
3C244.1 and only in phase in the direction of Lockman Hole.  
 Subtract the source 3C244.1 with its own individual gain. 
 Apply (correct) the data for the gain in the direction of the Lockman 
Hole. 
We then used the CASA data reduction software for the deconvolution. 
The inner part of the image obtained from 60 sub-bands is shown in 
Figure 3.16 . The synthesized beam is 8” x 4” and the noise reached is 
approximately 1.5 mJy.  
Several low frequency counterparts of the brightest sources in our WSRT 
1.4 GHz mosaic are clearly visible in the LOFAR image (see examples in 
Figure 3.17). We notice that this is the first LOFAR high resolution image 
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 Figure 3.15 150 MHz LOFAR image of 3C244.1 with 150 MHz radio contours overlapped. 
The contours levels are -0.1, 0.1, 0.2, 0.4, 0.8, 1.6 and 2.4 Jy. 
 
of a deep field. The observing strategy used proved to be very successful 
and can become a standard for other similar fields. 
It is worth nothing that for none of the images produced in the framework 
of the tests described in this chapter a correction for the primary beam 
attenuation was attempted. 
This is due to the fact that the LOFAR primary beam was not well known 
at the time of these tests. A first attempt to estimate the primary beam 
correction for the last HBA observation of the Lockman Hole is discussed 
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 Figure 3.16 The inner part of the LOFAR 150 MHz image (~ 2 sq. degr.) of the Lockman 
Hole. 
 









Figure 3.17 Four extended  sources detected in the 150 MHz LOFAR image with 1.4 GHz 











Overall spectral index analysis  
In this chapter we present a preliminary 150 MHz source catalogue and 
perform a spectral index study of the mJy sources in the Lockman Hole 
region, based on the source catalogues derived at 1.4 GHz ( Chapter 1), 
345 MHz ( Chapter 2) and 150 MHz and on a deep 610 MHz source 
catalogue from the literature (Garn et al.  2008, 2010). The different areas 
covered by these catalogues are shown in Fig. 4.1 . 
It is worth noticing that this is the first attempt to study the faint source 
spectral index properties down to LOFAR frequencies, where possible 
synchrotron self-absorbed mechanism may become more prominent. 
 
Figure 4.1 Different areas covered by the source catalogues used in our spectral index study. 
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4.1 610 MHz - 1.4 GHz spectral index analysis  
Garn et al. (2008, 2010) performed  deep observations at 610 MHz with 
the GMRT covering the whole WSRT 1.4 GHz mosaic in the Lockman 
Hole region ( see Fig. 4.1). The GMRT image has a synthesized beam size 
of 6 arcsec and an rms noise of ≈80 μJy/beam in the central area, i.e. is a 
factor of ~ 2 better in resolution by respect to the 1.4 GHz WSRT mosaic 
presented in chapter 1. The sources in the 610 MHz catalogue are flagged 
as:  
 1, when a nearby bright source may be affecting the measured flux; 
 2, when a source has been deblended into two or more components 
from a single initial island of flux; 
 3, when both of the above criteria apply; 
 0, in all other cases. 
In order to minimized the errors in the spectral index calculation, we used 
only zero-flagged sources, for which flux densities are of best quality. 
However this introduces a ~ 20% incompleteness at             In 
addiction we limited our spectral index analysis to the central part of the 
1.4 GHz mosaic (inner 4 square degree) where the noise is ≤ 40 μJy (see 
chapter 1, Fig. 1.2), that is a factor of 2 or more better than the noise 
measured in the GMRT image. This ensures that all the 621 zero-flagged 
GMRT sources in this region are detected at 1.4 GHz. Spectral indices 
were calculated for all sources. We point out that the 610 MHz and 1.4 
GHz WSRT observations are not coeval (2004 and 2006 for the GMRT 
observations and 2006-2007 for the WSRT ones). Although flux density 
variations on month or year scales may affect the spectral index derivation 
for a number of sources, flux variability at low radio frequency is not 
expected to be relevant. In any case variability effects can introduce a 
larger spread in our spectral index distribution, but cannot bias our 
spectral index analysis in a statistical way.  
Fig. 4.2 shows the spectral index     
     against the 610 MHz flux density 
for all the sources. It is clear from this plot that there is a greater 
proportion of flat (         ) and/or inverted       ) spectrum 
sources going to lower flux densities. This trend is further investigated by 
calculating the mean spectral indices     
     in two different flux density 
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bins and the results are shown in Table 4.1, where for each flux range we 
report the number of sources (N), the spectral index mean value (     ), 
the number of sources with flat spectrum (       ), and the number of 
sources with inverted spectrum (    ). In our analysis, we excluded the 
flux range below 2 mJy, where the catalogue has significant incompleteness 
problems. Above such flux limit, the incompleteness introduced by the 
exclusion of 610 MHz sources flagged as 1,2 or 3 is of the order of 8%. 
 
Table 4.1 The     
    
 statistics for two 610 MHz flux density bins 
Flux range 
(mJy) 
N                    
2 ≤ S < 20 232          2 113 (48.7%) 29 (12.5%) 
S ≥ 20 63            9 (14.3%) 2 (3.2%) 
 
At high flux density, sources are mostly characterized by steep spectra and 
α shows a narrow dispersion around a mean value of      , as expected 
for standard synchrotron radio emission. On the other hand, at lower 
fluxes the number of flat and/or inverted spectrum sources increases 
significantly ( from 14% at S ≥ 20 mJy up to 49% at 2 ≤ S < 20 mJy ). As a 
consequence the overall mean spectral index tend to become flatter. This 
trend is very prominent and one cannot exclude that it might partly be a 
consequence of biases produced by the different resolution and sensitivity 
of the two survey. Systematic flux underestimations are likely to be present 
in the higher resolution and shallower 610 MHz catalogue close to its flux 
detection threshold. However the flattening that we found is in line with 
previous results in the literature. 
As discussed in the Introduction, recent studies, combining 1.4 and 5 GHz 
or 610 MHz and 1.4 GHz data, have found evidence for flatter spectral 
indices and larger spectral index dispersions at mJy and sub-mJy radio 
fluxes (e.g. Prandoni et al 2006; Bondi et al. 2007; Garn et al. 2008; 
Whittam et al. 2012), suggesting that core-dominated AGN are playing a 
key role in the faint radio population. Owen et al. (2009) determined 
spectral indices of sub-mJy and mJy sources between 325 and 1400 MHz 
using the VLA in the deep SWIRE field and found a flattening of the 
average source spectral index at (1.4 GHz) fluxes below ~ 10 mJy. 
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 Figure 4.2      
    vs. 610 MHz flux density. The blue and red solid line indicates the 5σ 
detection limit calculated with highest ( red) and lowest (blue) value of noise for the 610 MHz 
and 1.4 GHz catalogue. The horizontal dashed line indicates        . The vertical dashed 
line indicates the flux limit ( 2 mJy) considered for the spectral index statistics. 
 
This corresponds to ~ 20 mJy at 610 MHz, assuming        .  
Whittam et al. (2012) studied a sample of 296 faint (> 0.5 mJy) radio 
sources selected from an area of the Tenth Cambridge (10C) survey at 
15.7 GHz in the Lockman Hole. By matching this catalogue to several 
lower frequency surveys (e.g. including the Garn et al. GMRT survey at 
610 MHz, our WSRT survey at 1.4 GHz, the NVSS, the FIRST and the 
WENSS surveys) they have investigated the radio spectral properties of the 
sources in this sample. They found a significant increase in the proportion 
of flat spectrum sources at flux densities below ≈1 mJy. The median 
86 
 
spectral index between 15.7 GHz and 610 MHz changes from ‒0.75 for 
flux densities greater than 1.5 mJy at 15.7 GHz, to ‒0.08 for flux densities 
less than 0.8 mJy. Again 1.5 mJy at 15.7 GHz corresponds to ~ 20 mJy at 
610 MHz, assuming         . This suggests that a population of faint, 
flat spectrum sources is emerging at mJy and sub-mJy flux densities.  
As we can see in Fig. 4.2, a number ( 16 sources ) of possible Ultra Steep 
Spectrum (USS) radio sources, with     
          , is present. Most of 
these sources are found at fluxes below ~1 mJy. These USS sources could  
potentially be associated to very high redshift galaxies. The details of the 
USS sources found in our catalogue are presented in Table 4.2 . Source 
names are taken from the WSRT 1.4 GHz catalogue( see appendix A). 
To estimate their redshift distribution we searched for their optical 
counterpart in the Sloan Digital Sky Survey (SDSS, DR9, August 2012). 
The r-band magnitudes, when available, are reported in the last column of 
Table 4.2 ( a “star” flag is reported when a bright star is found at the radio 
source position). When an optical counterpart was not found we indicate 
the r-band 95% completeness limit of the SDSS ( r ~ 22.2) as a lower limit 
for the r-magnitude. 
 
Table 4.2  Ultra Steep Spectrum Sources 
Source name         
mJy 
         
mJy 
    
            
    
       
    
r 
mag 
LHWJ104704+571249 0.865 0.120 -2.38 0.02 - 586.2 star 
LHWJ104939+584618 0.652 0.094 -2.33 0.03 51.01 40.77 >22.2 
LHWJ104933+584600   0.869 0.137 -2.24 0.02 207.5 145.9 17.3 
LHWJ105011+572948   0.599 0.099 -2.17 0.03 87.17 92.12 21.6 
LHWJ104643+571040  0.713 0.124 -2.11 0.03 35.56 218.9 19.7 
LHWJ104730+584127 0.531 0.107 -1.93 0.03 33.46 37.81 >22.2 
LHWJ105031+573458    0.641 0.130 -1.92 0.03 6.23 8.02 >22.2 
LHWJ105002+581336   0.585 0.136 -1.76 0.03 179.1 119.8 22.2 
LHWJ105717+581357   0.796 0.200 -1.66 0.02 26.44 - 22.2 
LHWJ104810+583615   0.530 0.144 -1.57 0.03 6.02 26.85 >22.2 
LHWJ104802+575641   0.529 0.144 -1.57 0.03 - 7.21 >22.2 
LHWJ105503+583337   0.557 0.155 -1.54 0.03 25.32 - >22.2 
LHWJ105429+583227   13.26 3.385 -1.64 0.001 10.93 - >22.2 
LHWJ105015+572724   0.642 0.199 -1.41 0.02 22.01 25.73 >22.2 
LHWJ105132+591353   2.414 0.748 -1.41 0.007 15.94 - >22.2 





From the Rigby et al. (2007) r-band magnitude – redshift correlation (valid 
up to z~1): 
                 
we have that all sources with r < 22.56 are likely at z < 1. Therefore only 
sources with no SDSS counterpart ( r > 22.2) are to be considered as 
potentially high-redshift sources. There are 9 of such sources. In Table 4.2 
we also report the infrared (IR) fluxes from the Spitzer Extragalactic 
Representative Volume Survey (SERVS, private communication), which 
provides deep and uniform coverage of the Lockman Hole region at 3.6 
and 4.5 μm. The sources with no SDSS counterpart have typically from a 
few to a few tens μJy IR fluxes. The most promising highest-redshift 
sources are those with lowest IR fluxes. In particular 
LHWJ105031+573458 (6.23 μJy at 3.6 μm), LHWJ104802+575641   
(7.21 μJy at 4.5 μm), LHWJ105429+583227 (10.93 μJy at 3.6 μm).  
The latest is the brightest USS source in the sample and will be further 
investigated later in this chapter. This analysis shows that potentially high-
redshift USS sources are likely to be found also at sub-mJy flux densities, a 
very interesting perspective for future deep LOFAR surveys. 
4.2 345 MHz - 1.4 GHz spectral index analysis 
As a second step we extended our spectral index analysis to lower 
frequency. For this purpose, we extracted the list of 345 MHz sources 
located in the sub-region covered by the WSRT 1.4 GHz mosaic. We 
notice that this sample is brighter than the one analyzed in the previous 
section (          ), and that the entire Lockman Hole 1.4 GHz 
mosaic was considered here. All the 234 345 MHz source components 
overlapping the 1.4 GHz mosaic were catalogued also at 1.4 GHz. The 
large difference in resolution between the 345 MHz and the 1.4 GHz 
observations (beam sizes of ~70”×44” and of 11”×9” respectively) implies 
that special care has to be taken in the spectral index derivation. In fact 
several 345 MHz sources were resolved into multiple components at 1.4 
GHz. This happened in 54 cases, and for those sources all 1.4 GHz 
components were summed up before deriving the spectral index. 
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 Figure 4.3      
     vs. 345 MHz flux density. Open circles indicate the sources classified as 
multiple source in the 1.4 GHz catalogue. The horizontal dashed line indicates α = −0.8 
 
As done for the 610 MHz – 1.4 GHz spectral index analysis we point out 
that the 345 MHz and 1.4 GHz observations were taken at different epoch 
(year 2012 for the former and years 2006/2007 for the latter). This can 
introduce a larger spread in the spectral index distribution. 
The source spectral indeces are shown in Figure 4.3 as a function of 345 
MHz flux density. As expected, most radio sources are characterized by 
steep synchrotron spectra ( α < −0.5), with an overall mean spectral index 
of the sample of α = −0.77 ± 0.14. However, going towards the lower end 
of the flux density distribution, a population of flat ( α > −0.5) and/or 
inverted ( α > 0) spectrum sources starts to emerge, indicating a change in 
the source composition at low flux levels. 
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The spectral index statistics in different flux intervals is presented in   
Table 4.3, where for each flux range we report the number of sources (N), 
the spectral index mean value (     ), the number of sources with flat 
spectrum (       ), and the number of sources with inverted spectrum 
(    ).  
Table 4.3 Spectral index statistics. 
Flux range 
(mJy) 
N                    
Any flux  234            34 ( 14.5%) 4 ( 1.7%) 
S ≥ 100 33            0 ( 0%) 0 ( 0%) 
30 ≤ S < 100 47            4 ( 8.5%) 1 ( 2.1%) 
S < 30 154            23 ( 14.9%) 3 ( 1.9%) 
 
At S > 100 mJy, sources are characterized by steep spectra and α shows a 
narrow dispersion around a mean value of ~ −0.86. On the other hand, at 
lower fluxes the number of flat-spectrum sources increases (from 0% at S > 
100 mJy up to ~ 15% at S < 30 mJy). As a consequence the overall mean 
spectral index tend to become somewhat flatter ( α = −0.74 ± 0.15 at S < 
30 mJy). Despite the statistical significance of this flattening is not relevant, 
this trend is consistent with what found in previous spectral index studies 
between 325 MHz and 1.4 GHz. Oort et al. (1988) found a 327 − 1462 
MHz median spectral index shifting from      above 100 mJy, to      
between 10 and 100 mJy; Owen et al. (2009) found a mean spectral index 
of α ~ −0.7 in the flux density range 0.3 − 100 mJy. 
When comparing these results to the ones previously obtained between 
610 and 1.4 GHz (see previous section), we notice that the average spectral 
index obtained at         mJy is fully consistent with the one obtained 
at         mJy ( 20 mJy at 610 MHz corresponds to ~ 30 mJy at 345 
MHz, assuming        ). 
On the other hand the mean value of     
     is somewhat flatter than the 
mean value of     
     in the lowest flux density interval ( ‒0.51 0.12 
against ‒0.74 0.15). Resolution effect can play a role in this difference, 
together with the fact that the 345 MHz catalogue is somewhat brighter 
than the 610 MHz one. However the two values can be considered 
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consistent, once taking into account the 1σ errors associated to these 
measures.  
As a final remark we notice that we have two ultra-steep (α < −1.4) sources 
in this sample. The brightest one (LHWJ105429+583227) was found as 
ultra-steep also in the 610 MHz – 1.4 GHz spectral index analysis (see 
Table 4.2). The other source is partially blended at 345 MHz, so it is a 
possible double source and we do not consider it as a genuine USS source. 
Such source is not present in the 610-1400 MHz spectral index analysis 
shown in Fig. 4.2 because it is a non-zero flagged source in the Garn et al. 
catalogue. 
4.3 The 150 MHz source catalogue 
In order to extend our spectral index analysis to LOFAR frequencies, we  
extracted a source catalogue from the full resolution (8"x4") HBA          
150 MHz LOFAR image obtained as part of the imaging tests performed 
in the framework of LOFAR commissioning observations (see Chapter 3). 
Such image, obtained from 60 sub-bands is characterized by a rms noise of 
~1.5 mJy. However, due to not optimal observing conditions, significant 
phase errors are present around the brightest sources, making the rms 
noise distribution rather patchy. For this reason we decided to use a local 
noise threshold in the source extraction. We therefore used the task 
SFIND of the MIRIAD reduction package, as done for the extraction of 
the 345 MHz source catalogue (see Chapter 2 for more details on this 
source extraction method).  
As a first step, we set a source detection threshold corresponding to ~5σ. 
Then the source list was cut at a higher threshold of ~10σ (roughly 
corresponding to 15 mJy), to minimize spurious detections that might still 
be present especially in the highest noise regions around bright sources. 
We notice that the source detection was performed in the image not 
corrected for the primary beam attenuation (not known at the time of this 
extraction). This obviously yields to increasing incompleteness effects 
going to larger distances from the image phase center. As a consequence 
this source catalogue is not complete and has to be considered as very 




Figure 4.4 Median ratio between the observed LOFAR flux density and the expected one as a 
function of distance from the 150 MHz image center for the 154 sources located in the region 
covered by the 1.4 GHz mosaic. The expected flux density was estimated from the WSRT 1.4 
GHz fluxes by assuming        .  
 
reliable enough to start exploring the spectral index properties of the mJy 
source population at LOFAR frequencies.  
As done for the 1.4 GHz catalogue we used Condon’s master equations 
(Condon 1997) to estimate the internal errors of the source parameters. 
Applying Condon’s master equation to our radio survey, we derived the 
following relations which describe 1σ internal errors for flux density and 






Figure 4.5 Left panel: LOFAR to 7C flux average ratio for the sources in the Lockman Hole 
field as a function of distance from the image center. The solid line is a second order 
polynomial fit. Right panel: Median ratio between the corrected LOFAR flux density and the 
expected flux density as a function of distance from the 150 MHz image center.  
 
   (     )      ⁄       (      ⁄ )
  
 (4.1)  
 
  (    )     ⁄       (      ⁄ )
  
 (4.2)  
 
            ⁄       (      ⁄ )
  
 (4.3)  
 
Such errors apply to fitted flux densities and source sizes of extended 
sources as well ( see Prandoni et al. 2000). 
4.4 LOFAR 150 MHz primary beam correction  
In order to include the LOFAR catalogue in the spectral index analysis, 
the 150 MHz fluxes have to be corrected for the LOFAR primary beam 
response, which unfortunately is not yet ( fully ) understood in the HBA 
band. This is necessary to correct for the source flux density attenuation  
introduced by the primary beam, as we move toward the external parts of 
the 150 MHz image. 
The effect of the primary beam flux attenuation are clearly visible in      
Fig. 4.4, where the ratio between the LOFAR measured flux density and 




Figure 4.6 Median LOFAR-7C flux ratios ( red dots ) and median LOFAR-extrapolated flux 
ratios obtained using the measured      
     spectral indices, for the sub-sample obtained from 
the cross-match of the 1.4 GHz, 345 MHz and 150 MHz catalogues( cyan dots ). The green 
line is the second order polynomial fit to the red dots, and the black line is the second order 
polynomial fit to all points. 
 
expected flux density was calculated from the corresponding WSRT 1.4 
GHz  fluxes by assuming        . The median ratios are calculated in 
different bins of distance from the 150 MHz image center. As expected the 
flux density attenuation increases with increasing distance from the center. 
We notice that the 1.4 GHz mosaic only covers the central part of the 
LOFAR HBA image (see Fig. 4.1) and therefore in this plot we can probe 
the primary beam attenuation only up to a distance of ~ 1.5°. 
A first attempt to correct for this effect, was performed using the brightest 





Figure 4.7 Median ratio between the corrected LOFAR flux densities and the expected ones as 
a function of distance from the 150 MHz image center. Expected flux densities obtained from 
1.4 GHz fluxes, assuming α = ‒0.8 (see Fig. 4.4) 
 
available from the 7C survey. The avantage of using the 7C all-sky survey is 
that such sources are distributed over the entire LOFAR image, and not 
only in inner part. The average ratios between the observed LOFAR flux  
density and the 7C ones in distance bins were fitted with a parabolic curve 
( see Fig. 4.5 left). This curve gives a description of the primary beam 
attenuation and was used to statistically correct the flux density of all the 
sources  shown  in Fig 4.4. The result is shown in Fig. 4.5 ( right). A flatter 
ratio distribution is obtained as a function of distance from the image 
center but the corrected 150 MHz fluxes seem to be overestimated 
especially close to the image center. This is probably due to the poor 
statistics of the bright sources at  the  centre  of the Lockman Hole region, 
which does not allow to get a robustly constrained fitted curve at small 
distances. 
In order to improve the 150 MHz flux correction function in the inner 




Figure 4.8 Flux density measurements for six bright sources in the Lockman Hole field located 
at increasing distance from the LOFAR image centre. The black triangles represent the flux 
measurements from NVSS (1.4 GHz), WENSS (325 MHz) and 7C (151 MHz). The red dots 
represent the flux densities from LOFAR (corrected, 150 MHz), GMRT (610 MHz) and 
WSRT (1.4 GHz) images. The black empty square represents the flux measurements from the 
WSRT 345 MHz image. The blue dot represents the uncorrected 150 MHz LOFAR flux 
density. 
 
150 MHz ‒ 345 MHz ‒ 1.4 GHz sources and we used the measured 
    
    (see section 4.2) to better extrapolate the expected 150 MHz flux 
densities.  
The derived flux ratios were then averaged in distance intervals from the 
image center as done in Fig. 4.5 (left), and added to the previous median 
ratios obtained from the comparison between LOFAR and 7C fluxes. This 
allows  to  get  a   better   statistics   at   small   distances   from   the   image   
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center ( see Fig. 4.6). A new parabolic fit was then obtained to all points     
( black line in Fig. 4.6):  
               
where                      ;                   ; 
                .  
Such fit was then used to correct the LOFAR fluxes of the sample shown 
in Fig. 4.4. The result of this new correction is presented in Fig. 4.7 .  
Despite the large dispersion of the median ratios (see Fig. 4.6), presumably 
due to spectral index uncertainties introduced by the much lower resultion 
of the 345 MHz source catalogue, the  correction seems to work very well 
especially at small distances from the centre, where the previous correction 
tended to fail. However the  corrected fluxes seem to be systematically 
underestimated by respect to the expected ones. This is probably due to   
the presence of flatter spectral indices by respect to the assumed         
used to derive the expected 150 MHz fluxes in Fig. 4.4 . 
In order to better quantify the goodness of the applied 150 MHz flux 
density correction we used the brightest sources in the sample (>100 mJy),  
for which the radio spectra can be well characterized down to 150 MHz 
with the existing all-sky radio surveys.  
Figure 4.8 shows the radio spectra of six bright sources located at 
increasing distance from the LOFAR image center. The radio spectra were   
obtained using the existing multi-frequency information. The 151 MHz 
7C, the 325 MHz WENSS and the 1.4 GHz NVSS flux density 
measurements are shown as black triangles. The flux densities measured at 
1.4 GHz ( WSRT catalogue ), 610 MHz ( Garn et al. (2008, 2010) 
catalogue ), and  150 MHz (corrected LOFAR catalogue ), obtained at 
higher spatial resolution   ( 11x9 arcsec for WSRT, 6x5 arcsec for GMRT 
and 8x4 arcsec for LOFAR) are shown in red. The blue dots indicate the 
uncorrected LOFAR flux densities. Also shown is the 345 MHz WSRT 
flux measurement ( black empty square), obtained at a resolution similar to 
that of the all-sky surveys (40x70 arcsec).  
As expected, the difference between corrected and uncorrected LOFAR 
flux densities is small for sources near the center of the LOFAR image, 
where the flux attenuation is found to be negligible (the uncorrected 
LOFAR 150 MHz flux density is close to the 7C flux density), and 
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 Figure 4.9  Spectral indices derived between 610 MHz and 1.4 GHz (upper left panel), 
between 345 MHz and 1.4 GHz (lower left panel) and between 150 and 610 MHz (right 
panels) as a function of distance from the LOFAR image centre. The     
    are calculated with 
both uncorrected ( upper right panel) and corrected (lower right panel) 150 MHz flux densities. 
 
increases with distance from the center. We can note that the corrected 
LOFAR flux densities are all in good agreement with the 7C flux density 
measured at the same frequency, at all distances. The radio spectra shown 
in Fig. 4.8 are all fitted with a power law. In each panel the distance from 
the center of the source, the spectral index value and the    value of the 
linear fit are reported.  
In order to analyze the goodness of the 150 MHz flux density correction 





sample for which we have information at 150, 345, 610, and 1400 MHz . 
Such sample consists of all the 79 sources located in the region covered by 
the 1.4 GHz mosaic, for which a reliable flux determination was available 
at 610 MHz ( flag = 0, Garn et al. 2008, 2010). 
We then compared the spectral indices derived between 610 MHz and 1.4 
GHz, between 345 MHz and 1.4 GHz and between 150 and 610 MHz as 
a function of distance from the LOFAR image centre. The results are 
shown in Fig. 4.9. 
As expected     
     and     
     do not show any trend with distance (see left 
panels), while a trend towards flatter spectral indices with increasing 
distance is present for     
    before applying the primary beam correction 
(upper right panel). As expected, when the 150 MHz flux densities are 
corrected, this trend disappears (lower right panel).  
As a final remark, it is worth to notice that given the statistical derivation of 
the primary beam correction and the fact that we neglected any azimuthal 
variation of the primary beam shape, our primary beam correction has to 
be considered as a first order approximation of the real one. Nevertheless 
our results are encouraging and the corrected LOFAR flux densities  seem 
to be good enough for a first attempt to extend to LOFAR frequencies our 
statistical spectral index analysis.   
4.5 Low frequency spectral index properties of mJy radio sources 
In this section we investigate the overall spectral properties of the sub-
sample of 79 150 MHz selected sources with information at all the 
available frequencies (150, 345, 610 MHz and 1.4 GHz, see Table 4.5 at 
the end of the Chapter). The (corrected) 150 MHz flux density   
distribution of this sample is shown in Fig. 4.10. The flux density range 
covered by this sample is approximately 10-150 mJy. Considering that the 
flux density primary beam attenuation over the region covered by this 
sample is ≤50% (distance from the center ≤ 1.5 degrees), such mJy sample 
can be considered as complete only down to ~20-30 mJy.  
As a first step we investigated the low frequency (150-610 MHz) behavior 






Figure 4.10 Distribution of the corrected 150 MHz flux density for the 150 MHz selected 
sample (79 sources with information at 150, 345, 610, and 1400 MHz). 
 
The results are shown in Fig. 4.11. Despite the large dispersion of the 
spectral index distribution, presumably related to the uncertainties in the 
statistical correction of the flux primary beam attenuation, we notice a 
larger proportion of flat spectrum (α > ‒0.5) sources going to lower flux 
densities. This is confirmed by the statistical analysis reported in Table 4.4: 
at flux densities S>60 mJy we have only one flat spectrum source 
(corresponding to 5% of  the total), and the average spectral index is ~ ‒ 
0.8-0.9. On the other hand, at lower flux densities the fraction of flat 
spectrum sources increases to 34%, and the mean spectral index is ~ ‒
0.6±0.18 . We notice that S=60 mJy at 150 MHz corresponds to S ~ 30 at 
345 MHz and S ~ 20 mJy at 610 MHz, assuming α = ‒0.8. In other words 
the flattening seen between 150 and 610 MHz is statistically consistent with 
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 Figure 4.11     
    vs. 150 MHz flux density for the 150 MHz selected sample. 
 
the one found between 345 or 610 MHz and 1.4 GHz (see Sections 4.1 
and 4.2), and no clear signs of extra-flattening due to self absorption effects 
are found for the mJy source population. 
In order to better investigate whether self-absorption effects do play a role 
at  150  MHz  we  compared  the  source  spectral  index  obtained  at  low 
frequency with the one derived at higher frequency in radio 'color-color' 
plots. As a first step we considered the three higher frequencies (i.e.       
1.4 GHz, 610 MHz and 345 MHz). Fig. 4.12  shows the radio 'color-color' 
plot, obtained by comparing the 610-1400 MHz spectral index to the one 
derived between 345 MHz and 1.4 GHz. 
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Table 4.4 Spectral index statistics for the 150 MHz selected sample. 
        N                            
S>60 mJy 20 ‒0.90 0.14 ‒0.82 1 ( 5%) 0 (0%) 
S<60 mJy 59 ‒0.60 0.18 ‒0.65 20 (34%) 3 (5%) 
 
We notice that a longer frequency baseline (i.e. 345-1400 MHz) was 
chosen to derive the latter spectral index, instead of a shorter one (345-610 
MHz), to reduce possible spurious effects introduced by the much 
different spatial resolution at which the flux densities at 345 MHz were 
obtained.  
As expected, most sources are located in the quadrant corresponding to 
steep sources (lower left quadrant). In addition all sources nicely follow the 
one-to-one flux density correlation (see diagonal line),indicating that their 
spectra can be described by a single power law over the entire spectral 
range considered (345-1400 MHz). In other words a significant flattening 
of the spectra is not found between 345 and 610 MHz. The mean and 
median values of the spectral  curvature  ( defined  as        
         
    ) 
are consistent with zero values (                ,                 
               ).  
In order to investigate if a flattening is present at lower frequency, a similar 
radio 'color-color' plot was  produced, where now the 610-1400 MHz 
spectral index is compared to the one derived between 150 and 610 MHz.  
Again we decided to use a longer frequency baseline for the latter spectral 
index (rather that a shorter one between 345 and 150 MHz), to minimize 
the impact of the uncertainties in the primary beam correction applied to 
the 150 MHz flux densities (see Fig. 4.13). Despite a much larger 
dispersion, likely to be ascribed to the uncertainties in the primary beam 
correction, most sources are again located along the one-to-one flux 
correlation, indicating that a significant flattening of the spectrum is not 
present down to 150 MHz.  
The average spectral curvature is again consistent with zero values 
(                ,               ). 
Only three sources stand out, showing a clear flattening of the spectrum 





Figure 4.12      
    against     
     for the 150 MHz selected sample. The vertical and horizontal 
solid lines divide the plot in 4 quadrants corresponding to steep ( and/or flat, α < 0), inverted    
( α >0), upturn (     >0 and     <0) and convex (     <0 and     >0) spectra respectively. 
The diagonal line indicated the one-to-one correlation, that is the spectra described by a single 
power-law. 
  
overall spectra of such sources are shown in Fig. 4.14 (top panels), where 
the 150 MHz flux density is reported both before (blue dot) and after the 
primary beam correction.  In two cases the flattening at 150 MHz is real, as 
the spectra are flat also at higher frequency (between 345 and 610 MHz). 
In one case the spectrum is steep down to 345 MHz, and we cannot 
exclude that the convex shape of the spectrum could be due, at least in 
part, to a not fully corrected 150 MHz flux density. However all three  
103 
 
 Figure 4.13       
     against     
    for the 150 MHz selected sample. The vertical and horizontal 
solid lines divide the plot in 4 quadrants corresponding to steep ( and/or flat, α < 0), inverted    
( α >0), upturn (     >0 and     <0) and convex (     <0 and     >0) spectra respectively. 
The diagonal line indicated the one-to-one correlation, that is the spectra described by a single 
power-law. 
 
sources show a compact radio morphology at all frequencies, consistent 
with being core-dominated AGNs. 
Two sources show flat/inverted spectra (α  0) in both color-color plots. 
Their overall spectra are shown in Fig. 4.14 (first two bottom panels).  
These sources show a rather flat spectrum over the entire frequency range 
150-610 MHz. These two sources have a flatter spectrum (α ~ 0) between 
150 and 610 MHz, and we cannot exclude that variability, can play a role 
in the observed slightly inverted spectra (especially for the one, where the 
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 Figure 4.14 Top panels: overall spectra of sources which show a significant flattening of     
      
( green triangles in Fig 4.13). Bottom panels: overall spectra of sources with  inverted     
          
( left and central panels) and of the USS source ( right panel). 
 
1.4 GHz flux density is higher than the flux density measured at lower 
frequencies). Again such sources show a compact radio morphology at all 
frequencies, consistent with being core-dominated AGNs. 
In summary we can conclude that a flattening at low frequency, if present, 
does not affect a significant fraction of the overall sample (at most 5/79 
sources, corresponding to ~ 6% of the total). This means that in principle 
the spectral shape measured at higher frequency, can be safely 
extrapolated down to HBA LOFAR frequencies, and that such an 
extrapolation can be used to design deep HBA LOFAR surveys, at least 
down to a few tens mJy fluxes. However all these 5 sources have       
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        mJy, i.e. belong to the flux range where a flattening of the 
overall spectral index distribution is found. Therefore, we cannot exclude 
that the impact of flat-spectrum sources might be higher at lower flux 
densities. 
As a final remark, we notice that the mJy ultra-steep source (α < ‒1.4) 
already discussed in Sections 4.1 and 4.2 (and shown in red in Fig. 4.13) is 
confirmed as ultra-steep also between 150 and 610 MHz (    
        , 
see also Fig. 4.11). Its overall spectrum is shown in the last panel of       
Fig. 4.14. Indeed, by fitting a power law to all the four frequencies available 
we get α  ‒1.6. It is worth noticing that the derived overall spectral index 
is not significantly affected by uncertainties in the 150 MHz flux density 
correction, which is modest for this source (see Fig. 4.14), and therefore 
this has to be considered as a genuine, potentially high-redshift ultra-steep 
source. The other ultra-steep sources discussed in Sect. 4.1, are all too 
faint and are not included in this sample. 
 
Tabella 4.5  Subsample of 79 mJy sources with information at all the available frequencies 
(150, 345, 610 MHz and 1.4 GHz). The source ID numbers corresponds to the one of the 1.4 
GHz catalogue. The 150 MHz flux densities are corrected for the primary beam attenuation. 
For flux density errors at 150, 345 and 1400 MHz we refer to the Condon’s master equations 
in the text. 610 MHz flux densities errors can be found in the Garn et al. catalogue.   
Source unique 
ID number 
         
mJy 
        
mJy 
        
mJy 
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In this thesis, we have presented two deep 1.4 GHz and 345 MHz 
overlapping surveys of the Lockman Hole field taken with the Westerbork 
Synthesis Radio Telescope. We extracted a catalogue of ~6000 radio 
sources from the 1.4 GHz mosaic down to a flux limit of ~55 μJy and a 
catalogue of 334 radio sources down to a flux limit of ~4 mJy from the 
inner 7 sq. degree region of the 345 MHz image. The extracted catalogues 
were used to derive the source number counts at 1.4 GHz and at 345 
MHz. The source counts were found to be fully consistent with previous 
determinations. In particular the 1.4 GHz source counts derived by the 
present sample provide one of the most statistically robust determinations 
in the flux range 0.1 < S < 1 mJy. 
During the commissioning program of the LOFAR telescope, the 
Lockman Hole field was observed at 58 MHz and 150 MHz.  The 150 
MHz LOFAR observation is particularly relevant as it allowed us to obtain 
the first LOFAR flux calibrated high resolution image of a deep field. This 
was achieved thanks to observing and calibration strategy that proved to be 
very successful, and that can become a standard for other similar fields. 
From this image we extracted a preliminary source catalogue down to a 
flux limit of ~15 mJy (~10σ), that can be considered complete down to  
20‒30 mJy.  
A spectral index study of the mJy sources in the Lockman Hole region, 
was performed using the available catalogues ( 1.4 GHz, 345 MHz and 150 
MHz) and a deep 610 MHz source catalogue available from the literature 
(Garn et al.  2008, 2010). 
The 610 – 1400 MHz spectral index distribution shows a clear flattening 
with decreasing 610 MHz flux density. Indeed the number of flat and/or 
inverted spectrum sources goes from 14.3% at         ≥ 20 mJy up to 
48.7% at 2 ≤         < 20 mJy. As a consequence the overall mean 
spectral index tends to become flatter, going from ~ ‒0.8 at            
mJy to ~ ‒0.5 at 2 ≤         < 20 mJy. This flattening is in line with 
previous results in the literature, supporting the hypothesis that self-




As a second step we extended our spectral index analysis to lower 
frequency, by analysing the 345 – 1400 MHz spectral index distribution as 
a function of the 345 MHz flux. Again we find a flattening going to lower 
flux densities. The overall mean spectral index flattens from ~ −0.86±0.07 
at          > 100 mJy to −0.74±0.15 at         < 30 mJy. Despite the 
statistical significance of this flattening is not relevant, this trend is 
consistent with what found in previous spectral index studies between 325 
MHz and 1.4 GHz (Oort et al. (1988), Owen et al. (2009)), and is also 
consistent with our results from the 610‒1400 MHz spectral index 
analysis, expecially for the higher flux density intervals.   
In order to include the LOFAR catalogue in the spectral index analysis, 
the 150 MHz fluxes were corrected for the LOFAR primary beam 
attenuation as a function of the distance from the image center. 
Unfortunately the LOFAR primary beam response is not yet ( fully ) 
understood in the HBA band. We therefore used a statistical approach to 
get a first order determination of it. As a first attempt we used the 68 
brightest sources in the sample (>70 mJy), for which 150 MHz fluxes are 
available from the 7C survey, to quantify such 150 MHz flux density 
attenuation. However, due to the poor statistics,  this function tends to 
overestimate the flux density correction at small distances from the center. 
To improve our determination of the 150 MHz flux density attenuation in 
the inner part of the LOFAR image, we used the sample ( 99 sources) 
obtained from the cross-matching of the 150, 345 and 1400 MHz 
catalogues, and the derived 345‒1400 MHz source spectral indices to 
extrapolate the 150 MHz fluxes. This allowed us to obtain a good 150 
MHz flux density correction at any distance from the image center.  
Finally we investigated the overall spectral properties of the sub-sample of 
79 150 MHz selected sources with information at all the available 
frequencies (150, 345, 610 MHz and 1.4 GHz). As a first step we analyzed  
the low frequency (150-610 MHz) behavior of the spectral index as a 
function of  150  MHz  flux  density. Despite the large dispersion of the 
spectral index distribution, we notice again a larger proportion of flat 
spectrum sources going to lower flux densities and a corresponding 
flattening of the average spectral index: from ‒0.90±0.14 at           
           mJy to ‒0.60±0.18 at            mJy. This result is 
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statistically consistent with the one found between 345 or 610 MHz and 
1.4 GHz. In other words we do not notice clear signs of extra-flattening 
due to more prominent self-absorption effects. 
In order to better investigate whether self-absorption effects do play a role 
at  150  MHz  we  compared  the  source  spectral  index  obtained  at  low 
frequency with the one derived at higher frequency in radio 'color-color' 
plots (    
     vs     
     and     
     vs     
   ). In both plots the sources tend to 
nicely follow the one-to-one flux density correlation, indicating that their 
spectra can be described by a single power law over the entire spectral 
range considered (150-1400 MHz). In other words a significant extra-
flattening of the spectra is not found down to 150 MHz (the average 
curvature of the spectra is consistent with a zero value).  
Only three sources stand out, showing a clear flattening of the spectrum 
between 150 and 610 MHz. In summary we can conclude that self –
absorption effect, if present, do not affect a significant fraction of the mJy 
radio population at least down to a few tens of mJy and down to a 
frequency of 150 MHz. 
As a final remark we notice that from our 610‒1400 MHz spectral index 
analysis we found a number of ultra-steep sources ( α < ‒1.4), which could 
potentially be associated with high redshift radio galaxies. Most of them 
have sub-mJy flux densities, showing the potential of using future deep 
LOFAR surveys to pinpoint high redshift objects. The brightest ultra-
steep source (~13 mJy at 610 MHz ) is present also in the shallower 
sample obtained from the cross-matching of the 150, 345, 610 and 1400 
MHz catalogues. This source is confirmed as ultra-steep down to 150 
MHz. Its overall spectrum can be fitted by a power law with a slope        
α = ‒1.6 . Such source does not have an optical counterpart down to the 
SDSS limit of r ~ 22.2 and is associated to a very faint infrared 
counterpart (~11 μJy at 3.6 μm), supporting the hypothesis that this 
source is at high redshift. 
 
The results of the 1.4 GHz and 345 MHz observations, including the 
345‒1400 spectral index analysis, are described in two papers 
(Guglielmino et al. 2013a and 2013b, submitted to A&A). The LOFAR 
commissioning observations are presented in the Proceeding of the 
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Conference “ Resolving the Sky-Radio Interferometry: Past, Present and 
Future”, held in Manchester (UK), April 17-20, 2012 (Guglielmino et al, 
2012, PoS (RTS2012)022). The overall spectral analysis down to 150 
MHz wil be the subject of a future paper (Guglielmino et al. in 
preparation). The 1.4 GHz catalogue was used in the framework of the 
international collaboration, yielding to two additional co-authored papers 
(Whittam et al 2012, MNRAS, in press, Gereb et al 2012, A&A, 
submitted).  
 
The LOFAR Survey key project is now starting its scientific observations. 
A total of 189 hours (plus the corresponding processing time) have been 
allocated for Cycle 0 (starting in December 2012) for the observations of 
several deep fields, including the Lockman Hole, in both LBA and HBA 
bands. The goal of this first set of observations is to reach rms noise 
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The WSRT 1.4 GHz Source Catalogue 
 
The catalog is sorted on right ascension. The detailed format is the 
following:  
 Column 1: Source extraction ID number 
 Column 2: Catalogue flag (S=Single-component source; A,B,C,.. 
indicate a specific component of a multi-component source; T=global 
parameters of multi-component source) 
 Column 3: Source IAU name; 
 Columns 4-5: Source position: Right ascension and Declination 
(J2000); 
 Columns 6-7: peak and integrated flux densities (mJy); 
 Columns 8-10: FITTED source major & minor axes (arcsec) and           
PA (degr);  
 Columns 11-13: DECONVOLVED source major & minor axes 
(arcsec) and PA (degr) (zero values refer to unresolved sources); 
 Column 14: local rms noise value (mJy); 
 Column 15: fitting flag (G=Gaussian fitting ok, G*= Gaussian fitting ok, 
but the integrated flux density is not fully reliable; E=non-Gaussian 
source; M=multiple-source global parameters) 
 Column 16: morphology flag (c=complex source, morphology shows 
deviations from Gaussianity; m=multiple source, morphology shows 
indications this may be a multi-component source; n=most probably 
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10 44 13.77 
10 44 14.65 
10 44 14.72 
10 44 15.12 
10 44 17.71 
10 44 18.38 
10 44 18.47 
10 44 18.77 
10 44 19.22 
10 44 19.37 
10 44 21.38 
10 44 21.59 
10 44 22.19 
10 44 22.34 
10 44 22.44 
10 44 22.54 
10 44 24.18 
10 44 24.93 
10 44 27.10 
10 44 27.71 
10 44 28.42 
10 44 28.57 
10 44 28.94 
10 44 29.47 
10 44 30.57 
10 44 31.44 
10 44 32.24 
10 44 32.77 
10 44 33.18 
10 44 33.32 
10 44 33.43 
10 44 33.44 
10 44 35.75 
10 44 35.76 
10 44 35.99 
10 44 36.08 
10 44 37.95 
10 44 38.52 
10 44 38.86 
10 44 39.61 
10 44 40.90 
10 44 40.98 
10 44 43.08 
10 44 44.69 
10 44 45.22 
10 44 45.24 
10 44 45.79 
10 44 46.18 
10 44 47.22 
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+57 31 04.9 
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+58 25 17.9 
+57 55 11.3 
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+57 13 53.0 
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+58 13 08.8 
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+58 33 08.6 
+57 06 41.0 
+56 45 34.8 
+57 42 56.4 
+58 06 50.0 
+58 22 30.4 
+57 46 07.5 
+58 25 41.3 
  0.484 
  0.477 
  0.611 
  0.823 
  0.784 
  0.365 
  0.348 
  0.573 
  0.351 
  0.417 
  1.433 
  2.376 
  0.348 
  0.981 
  0.320 
  0.652 
  0.524 
  0.619 
  1.030 
  0.364 
  0.292 
  0.305 
  0.311 
  0.314 
  0.265 
  0.796 
  1.179 
  1.286 
  0.325 
  1.454 
  1.436 
  0.411 
  0.300 
  8.750 
  0.276 
  0.769 
  0.561 
  1.014 
  0.804 
  0.487 
  0.388 
  0.557 
 94.008 
  0.663 
  0.236 
  0.534 
  0.268 
  0.517 
  0.511 
  0.203 
  0.251 
  0.242 
  0.459 
  0.383 
  0.327 
  0.386 
  2.278 
  0.406 
  0.336 
  0.449 
  0.315 





























































































































  9.22 
  9.76 
 11.39 
 10.63 
  9.07 
  8.39 
  9.43 
  9.01 
 10.24 
  9.42 
  9.54 
  9.19 
 11.17 
  9.15 
  8.84 
  9.89 
  9.21 
  9.21 
  9.23 
 10.84 
  9.87 
  8.68 
  9.51 
  9.57 
  9.71 
  9.21 
  9.98 
  8.57 
  9.12 
 10.00 
  9.24 
  9.63 
  9.48 
  9.39 
  9.69 
  8.78 
 10.30 
 10.17 
  8.69 
 10.19 
 10.15 
  8.25 
  9.27 
  9.74 
  8.45 
 11.22 
  9.80 
 10.31 
  9.36 
 10.03 
  8.45 
  9.76 
  9.00 
  9.66 
  9.57 
  9.81 
  9.19 
 10.95 
  9.00 
  9.13 
  9.94 
  9.16 
-11.5 
  0.9 
 66.3 
-21.7 
  0.3 
-24.5 




  7.5 
  0.6 
 43.6 

























  9.5 
 -2.0 
  5.6 
 10.3 
  3.6 
 -4.6 










  5.9 




  4.2 
 -0.9 
 -3.5 
  0.00 
  0.00 
  7.55 
  6.42 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  7.59 
  0.00 
  0.00 
 21.24 
  0.00 
  0.00 
  5.71 
  0.00 
  0.00 
  5.20 
 10.92 
  0.00 
  0.00 
  0.00 
 10.69 
  0.00 
  4.74 
  5.83 
  0.00 
  0.00 
  5.36 
  4.30 
  0.00 
  0.00 
  2.74 
  0.00 
  0.00 
  5.85 
  0.00 
  6.88 
  6.36 
  0.00 
  0.00 
  3.50 
  0.00 
  0.00 
 25.22 
  0.00 
  5.34 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  5.61 
  0.00 
  0.00 
  7.95 
  0.00 
  0.00 
  4.80 
  0.00 
  0.00 
  0.00 
  3.16 
  3.70 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  4.88 
  0.00 
  0.00 
  2.69 
  0.00 
  0.00 
  0.00 
  2.56 
  0.00 
  0.00 
  0.00 
  2.54 
  0.00 
  1.42 
  1.69 
  0.00 
  0.00 
  3.64 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  2.60 
  0.00 
  0.00 
  4.76 
  0.00 
  0.00 
  1.98 
  0.00 
  0.00 
  5.74 
  0.00 
  3.21 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  3.06 
  0.00 
  0.00 
  1.06 
  0.00 
  0.00 
  4.21 
  0.00 
  0.0 
  0.0 
 85.7 
-64.7 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
-41.7 
  0.0 
  0.0 
 46.3 
  0.0 
  0.0 
 46.5 
  0.0 
  0.0 
 36.0 
 64.6 
  0.0 
  0.0 
  0.0 
 21.8 
  0.0 
-21.1 
-56.8 
  0.0 
  0.0 
-42.8 
 47.6 
  0.0 
  0.0 
 82.2 
  0.0 
  0.0 
-64.9 
  0.0 
 16.4 
 -6.5 
  0.0 
  0.0 
 22.1 
  0.0 
  0.0 
 34.0 
  0.0 
-70.5 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
 16.8 
  0.0 
  0.0 
 81.5 
  0.0 
  0.0 
 -7.7 




































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 44 53.44 
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10 44 54.89 
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10 44 55.92 
10 44 57.28 
10 44 57.96 
10 44 58.59 
10 44 59.49 
10 44 59.58 
10 45 00.03 
10 45 00.47 
10 44 57.77 
10 45 05.38 
10 45 01.30 
10 45 01.53 
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10 45 02.29 
10 45 02.73 
10 45 03.38 
10 45 04.01 
10 45 05.31 
10 45 06.31 
10 45 07.06 
10 45 07.57 
10 45 08.44 
10 45 08.91 
10 45 06.53 
10 45 09.10 
10 45 09.10 
10 45 10.11 
10 45 10.22 
10 45 10.71 
10 45 11.47 
10 45 12.38 
10 45 12.47 
10 45 12.63 
10 45 12.78 
10 45 12.97 
10 45 11.60 
10 45 13.56 
10 45 13.02 
10 45 13.02 
10 45 14.57 
10 45 14.91 
10 45 15.31 
10 45 15.92 
10 45 17.82 
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+58 21 41.2 
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+57 11 27.3 
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+57 21 23.2 
+57 51 38.3 
+57 33 01.8 
+57 52 07.8 
+57 11 15.1 
+57 29 31.8 
+58 49 16.1 
+58 49 20.5 
+58 49 08.1 
+58 15 00.5 
+57 46 34.2 
+57 06 18.1 
+57 11 11.3 
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+57 17 07.0 
+58 07 48.7 
+58 22 21.1 
+57 40 04.3 
+57 11 54.1 
+57 31 02.2 
+57 28 04.3 
+57 53 42.5 
+56 58 35.6 
+57 27 46.2 
+57 27 37.6 
+57 27 46.9 
+58 27 45.3 
+58 02 10.0 
+58 16 18.7 
+57 46 19.3 
+58 19 29.9 
+58 17 17.5 
+57 58 10.0 
+59 02 29.6 
+57 18 49.4 
+58 08 22.2 
+58 07 56.1 
+58 08 33.3 
+58 53 31.2 
+58 26 47.1 
+57 13 35.1 
+57 55 10.7 
+58 06 34.6 
+57 57 11.4 
+58 07 37.1 
+57 16 26.7 
+57 10 12.9 
+58 17 42.5 
+58 10 44.6 
+57 15 45.5 
+58 12 24.1 
+58 37 14.8 
+57 55 53.4 
+57 50 27.8 
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10 45 22.31 
10 45 22.44 
10 45 22.54 
10 45 22.59 
10 45 22.63 
10 45 23.20 
10 45 23.48 
10 45 24.00 
10 45 24.31 
10 45 24.34 
10 45 24.89 
10 45 24.92 
10 45 25.69 
10 45 26.77 
10 45 26.76 
10 45 26.78 
10 45 27.61 
10 45 27.84 
10 45 27.93 
10 45 28.36 
10 45 27.74 
10 45 29.21 
10 45 28.45 
10 45 29.28 
10 45 29.97 
10 45 30.47 
10 45 30.52 
10 45 30.85 
10 45 31.36 
10 45 31.82 
10 45 32.03 
10 45 32.61 
10 45 32.65 
10 45 33.76 
10 45 33.92 
10 45 33.97 
10 45 34.27 
10 45 34.78 
10 45 34.79 
10 45 34.93 
10 45 34.94 
10 45 35.10 
10 45 35.40 
10 45 35.41 
10 45 35.87 
10 45 36.39 
10 45 36.57 
10 45 36.99 
10 45 37.19 
10 45 37.36 
10 45 37.80 
10 45 37.93 
10 45 38.06 
10 45 38.64 
10 45 38.99 
10 45 39.35 
10 45 39.36 
10 45 39.58 
10 45 40.03 
10 45 40.06 
10 45 40.29 
10 45 40.65 
+57 48 27.3 
+57 28 24.6 
+58 22 03.9 
+59 07 42.7 
+57 17 27.9 
+57 30 57.9 
+58 09 13.1 
+58 29 57.5 
+58 26 10.7 
+57 59 26.8 
+57 38 31.0 
+57 09 33.1 
+57 38 08.6 
+58 35 31.1 
+58 35 26.6 
+58 35 47.9 
+57 24 36.9 
+56 41 37.2 
+56 59 10.0 
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+57 29 28.2 
+57 29 28.2 
+57 53 47.5 
+58 17 49.2 
+57 38 17.0 
+58 12 31.6 
+57 12 20.0 
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+58 40 27.6 
+58 35 20.4 
+58 31 30.5 
+58 30 07.4 
+58 34 36.1 
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+58 28 04.5 
+58 40 24.2 
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+58 11 39.5 
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+58 25 07.6 
+57 18 37.8 
+58 07 10.9 
+58 16 42.9 
+58 45 22.5 
+58 57 31.0 
+58 22 36.7 
+57 58 10.6 
+57 35 47.6 
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10 45 43.16 
10 45 43.35 
10 45 43.81 
10 45 43.46 
10 45 45.05 
10 45 43.86 
10 45 44.11 
10 45 44.18 
10 45 44.20 
10 45 44.20 
10 45 44.31 
10 45 45.02 
10 45 45.13 
10 45 46.53 
10 45 46.56 
10 45 46.78 
10 45 47.43 
10 45 47.97 
10 45 48.12 
10 45 48.13 
10 45 48.42 
10 45 48.45 
10 45 49.07 
10 45 49.12 
10 45 49.57 
10 45 49.80 
10 45 50.29 
10 45 50.30 
10 45 50.70 
10 45 50.82 
10 45 50.82 
10 45 51.60 
10 45 51.86 
10 45 52.02 
10 45 52.07 
10 45 51.53 
10 45 52.48 
10 45 52.14 
10 45 52.25 
10 45 52.44 
10 45 52.66 
10 45 52.98 
10 45 53.36 
10 45 53.57 
10 45 53.86 
10 45 54.29 
10 45 54.39 
10 45 54.49 
10 45 54.63 
10 45 55.14 
10 45 55.26 
10 45 55.47 
10 45 55.58 
10 45 55.58 
10 45 55.66 
10 45 56.10 
+57 35 42.4 
+57 35 56.6 
+57 06 45.5 
+57 34 14.6 
+57 39 33.9 
+57 23 46.7 
+57 03 56.2 
+58 11 06.7 
+58 03 01.5 
+58 03 06.4 
+58 02 44.5 
+57 26 20.3 
+57 45 37.9 
+58 09 40.4 
+57 19 34.8 
+58 18 42.7 
+58 02 01.2 
+59 06 04.6 
+58 33 23.5 
+57 52 52.9 
+58 06 22.1 
+57 22 23.1 
+57 45 00.5 
+58 07 18.0 
+58 03 15.5 
+57 21 40.1 
+58 45 52.8 
+57 35 39.8 
+58 54 08.4 
+57 37 25.2 
+57 45 09.8 
+57 53 20.6 
+58 27 25.5 
+57 34 37.3 
+58 32 44.0 
+58 21 53.5 
+58 36 31.7 
+58 20 58.5 
+58 46 01.2 
+58 16 38.6 
+57 00 13.1 
+57 00 22.7 
+57 00 05.7 
+57 58 12.0 
+57 33 11.3 
+59 05 29.9 
+56 46 47.7 
+57 27 09.5 
+57 51 57.6 
+57 57 02.8 
+57 21 46.3 
+56 39 20.6 
+57 31 20.3 
+58 05 55.6 
+57 14 10.1 
+57 14 47.4 
+57 16 58.2 
+57 26 26.2 
+57 42 12.8 
+57 59 24.4 
+58 01 25.3 
+57 43 48.2 
  0.212 
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  0.128 
  0.661 
  0.661 
  0.188 
  0.166 
  0.785 
  0.278 
  0.465 
  0.158 
  0.122 
  1.304 
  0.132 
  0.109 
 13.446 
  0.171 
  0.133 
  0.244 
  0.165 
  0.106 
  0.158 
  0.150 
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  0.235 
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  0.289 
  0.443 
  0.129 
  0.390 
  0.113 
  0.231 
  0.146 
  0.741 




  1.744 
  0.117 
  1.019 
  3.777 
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  0.144 
  0.160 
  0.197 
  2.374 
  0.153 
  0.144 
  0.116 
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  0.102 
  0.903 
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  9.12 
 10.32 
  9.64 
  9.71 
  8.89 
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  9.97 
 10.48 
  9.28 
  9.14 
 11.00 
  8.94 
 10.24 
 10.76 
  8.84 
  8.68 
  8.97 
  9.24 
 10.09 
  9.00 
 10.95 
  9.00 
 20.88 
  9.88 
  9.83 
  9.17 
  9.63 
  9.55 
  9.14 
 10.10 
  9.52 
  8.78 
  9.84 
  8.90 
  9.89 
  9.22 
  9.63 
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  9.40 
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  9.51 
  9.20 
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  9.44 
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  9.82 
  9.46 
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 11.6 
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  5.66 
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  4.76 
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  0.00 
  0.00 
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  5.13 
  0.00 
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  0.00 
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  0.00 
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  0.00 
  1.13 
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  0.00 
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  0.00 
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  3.14 
  0.00 
  1.20 
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  0.00 
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  0.00 
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  2.11 
  2.14 
  1.36 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  3.34 
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  0.00 
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  0.00 
  0.00 
  0.82 
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  0.88 
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 43.3 
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-63.9 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
 63.4 
 78.0 
  0.0 
  0.0 
  0.0 
 47.0 
 59.6 
  0.0 
 21.6 
  0.0 
 88.9 
  0.0 
  0.9 
  0.0 
 47.0 
  8.5 
 19.8 
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  0.0 
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10 45 56.26 
10 45 56.88 
10 45 56.95 
10 45 56.83 
10 45 56.98 
10 45 57.11 
10 45 57.13 
10 45 57.52 
10 45 57.60 
10 45 57.77 
10 45 57.96 
10 45 57.97 
10 45 58.18 
10 45 58.69 
10 45 58.76 
10 45 59.71 
10 45 59.81 
10 46 00.02 
10 46 00.25 
10 46 00.69 
10 46 01.33 
10 46 01.71 
10 46 01.99 
10 46 02.05 
10 46 02.11 
10 46 02.14 
10 46 02.31 
10 46 02.44 
10 46 02.75 
10 46 03.78 
10 46 04.17 
10 46 04.24 
10 46 04.34 
10 46 03.02 
10 46 04.29 
10 46 06.10 
10 46 06.85 
10 46 04.37 
10 46 04.38 
10 46 04.53 
10 46 04.54 
10 46 04.74 
10 46 05.22 
10 46 04.43 
10 46 06.16 
10 46 05.90 
10 46 06.06 
10 46 06.11 
10 46 06.56 
10 46 06.56 
10 46 07.29 
10 46 07.45 
10 46 07.56 
10 46 07.97 
10 46 08.12 
10 46 08.14 
10 46 08.37 
10 46 08.83 
10 46 09.26 
10 46 09.45 
10 46 10.01 
10 46 10.42 
+58 06 35.7 
+58 46 39.5 
+57 27 22.7 
+57 27 37.3 
+57 27 18.5 
+58 53 20.5 
+58 27 52.8 
+57 30 24.7 
+58 35 50.9 
+57 10 21.3 
+58 52 18.3 
+58 31 05.2 
+57 41 54.2 
+57 18 22.7 
+57 18 49.5 
+58 28 17.6 
+57 08 27.3 
+57 54 05.0 
+58 12 18.0 
+57 26 02.1 
+58 40 17.8 
+57 59 23.0 
+57 46 31.1 
+56 56 56.8 
+57 12 42.2 
+58 01 08.6 
+57 40 22.1 
+58 07 27.2 
+58 48 24.9 
+57 14 08.8 
+57 10 41.7 
+57 54 26.9 
+57 38 22.7 
+57 38 50.7 
+57 38 17.4 
+57 37 44.3 
+57 37 31.8 
+58 46 36.3 
+57 02 50.7 
+58 53 19.0 
+57 16 49.9 
+58 31 25.6 
+57 40 05.0 
+57 40 05.9 
+57 40 04.1 
+58 39 17.4 
+58 23 56.8 
+57 01 49.2 
+57 38 58.8 
+58 48 16.4 
+57 28 17.5 
+57 31 19.7 
+57 14 08.7 
+57 59 32.4 
+58 10 12.1 
+58 41 18.0 
+57 13 28.4 
+59 01 21.4 
+57 19 44.8 
+58 55 30.3 
+57 14 42.9 
+57 58 31.3 
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  0.105 
  0.496 
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  0.124 
  0.138 
  0.143 
  0.205 
  0.104 
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  0.301 
  0.189 
  0.100 
  0.394 
  0.464 
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 10.23 
  9.34 
  9.18 
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 10.08 
  9.14 
  9.06 
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 10.68 
  9.89 
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  8.95 
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  9.47 
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  9.56 
  9.17 
  8.45 
  9.37 
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  9.14 
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  2.11 
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  0.00 
  4.10 
  0.00 
  2.86 
  3.19 
  2.01 
  0.00 
  0.00 
  0.00 
  2.47 
  0.00 
-82.1 
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-79.9 
 52.7 
  0.0 
  0.0 
 10.6 
  0.0 
-18.2 
  0.0 
  0.0 
 -2.2 
  0.0 
-40.2 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
-39.6 
  0.0 
  0.0 
  0.0 
-10.0 
  0.0 
  0.0 
  0.0 
 55.3 
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10 46 10.43 
10 46 10.90 
10 46 10.96 
10 46 11.04 
10 46 11.33 
10 46 11.88 
10 46 12.06 
10 46 12.57 
10 46 12.84 
10 46 12.99 
10 46 13.07 
10 46 13.42 
10 46 13.43 
10 46 13.50 
10 46 14.16 
10 46 14.71 
10 46 15.41 
10 46 15.50 
10 46 15.50 
10 46 15.66 
10 46 15.90 
10 46 16.06 
10 46 16.10 
10 46 16.37 
10 46 16.50 
10 46 16.69 
10 46 16.81 
10 46 16.93 
10 46 17.11 
10 46 17.14 
10 46 17.68 
10 46 17.72 
10 46 18.24 
10 46 18.44 
10 46 18.57 
10 46 18.93 
10 46 19.24 
10 46 19.71 
10 46 19.73 
10 46 20.18 
10 46 20.19 
10 46 20.44 
10 46 20.53 
10 46 20.92 
10 46 20.98 
10 46 17.92 
10 46 22.16 
10 46 21.19 
10 46 21.35 
10 46 21.46 
10 46 21.74 
10 46 22.01 
10 46 22.02 
10 46 22.06 
10 46 22.17 
10 46 22.17 
10 46 22.33 
10 46 22.41 
10 46 22.42 
10 46 22.85 
10 46 23.37 
10 46 23.97 
+57 41 36.0 
+57 38 45.4 
+58 52 46.1 
+58 09 41.1 
+57 53 34.9 
+57 03 35.3 
+58 27 01.1 
+58 05 00.9 
+58 05 54.5 
+57 23 15.8 
+58 20 45.3 
+57 33 27.0 
+58 15 00.1 
+58 43 02.9 
+57 18 19.4 
+57 24 26.8 
+56 51 10.4 
+57 43 59.2 
+57 56 26.4 
+57 37 12.7 
+58 09 06.1 
+57 14 15.6 
+58 08 01.1 
+57 19 32.8 
+57 33 33.1 
+56 53 31.1 
+58 39 01.7 
+57 14 45.9 
+58 04 53.5 
+57 13 57.1 
+58 45 02.6 
+56 58 24.9 
+58 43 57.8 
+57 49 18.5 
+57 17 15.4 
+57 13 41.7 
+58 14 57.8 
+56 48 07.3 
+57 25 10.5 
+57 32 48.8 
+57 12 18.5 
+57 10 26.5 
+57 18 00.9 
+58 00 57.5 
+58 14 22.83 
+58 14 16.7 
+58 14 25.2 
+58 50 11.8 
+57 42 11.2 
+58 37 58.4 
+58 36 23.2 
+58 56 26.6 
+58 09 00.8 
+58 32 41.0 
+57 59 22.3 
+58 24 25.7 
+58 16 48.6 
+57 43 46.3 
+57 25 04.0 
+57 55 57.5 
+57 27 17.0 
+57 12 15.5 
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  0.247 
  0.113 
  0.147 
  0.130 
  0.174 
  0.154 
  0.163 
  0.107 
  0.278 
  0.095 
  0.562 
  0.144 
  0.458 
  0.346 
  0.093 
  0.166 
  0.146 
  1.727 
  0.189 
  0.090 
  0.164 
  0.118 
  0.257 
  0.494 
  0.150 
  0.091 
  0.194 
  0.142 
  0.331 
  0.107 
  0.197 
  0.272 
  0.114 
  0.120 
  0.515 
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  0.134 
  0.111 
  0.100 
  0.136 
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  0.182 
  0.393 
  0.217 
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  0.086 
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  0.463 
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  0.193 
  0.113 
  0.118 
  0.579 
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  0.089 
  0.149 
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  9.85 
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  9.97 
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  9.89 
  9.91 
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  1.16 
  0.00 
  0.00 
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 10.16 
  0.00 
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  0.00 
  0.00 
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  0.00 
  0.00 
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-33.1 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
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10 46 24.03 
10 46 24.36 
10 46 24.51 
10 46 23.63 
10 46 24.62 
10 46 24.57 
10 46 24.84 
10 46 24.86 
10 46 25.02 
10 46 23.29 
10 46 25.05 
10 46 26.33 
10 46 25.09 
10 46 25.46 
10 46 25.51 
10 46 25.69 
10 46 25.75 
10 46 26.00 
10 46 26.19 
10 46 26.32 
10 46 26.35 
10 46 26.48 
10 46 26.60 
10 46 26.63 
10 46 26.89 
10 46 27.01 
10 46 27.08 
10 46 27.10 
10 46 27.85 
10 46 27.91 
10 46 28.35 
10 46 28.38 
10 46 28.45 
10 46 29.12 
10 46 28.21 
10 46 30.06 
10 46 29.13 
10 46 29.25 
10 46 28.46 
10 46 29.89 
10 46 29.26 
10 46 29.59 
10 46 30.06 
10 46 30.29 
10 46 30.29 
10 46 30.47 
10 46 30.59 
10 46 30.72 
10 46 30.89 
10 46 30.90 
10 46 31.12 
10 46 31.46 
10 46 31.49 
10 46 31.51 
10 46 31.58 
10 46 31.92 
10 46 32.20 
10 46 32.58 
10 46 32.63 
10 46 32.75 
10 46 32.95 
10 46 32.96 
+59 06 06.5 
+57 46 13.5 
+57 41 57.9 
+57 41 41.1 
+57 42 00.0 
+59 11 24.3 
+57 35 06.9 
+59 04 45.7 
+58 03 30.8 
+58 03 28.4 
+58 03 30.0 
+58 03 33.4 
+58 48 37.2 
+57 53 41.5 
+58 40 26.3 
+58 01 49.4 
+57 50 34.8 
+58 04 54.3 
+58 14 08.1 
+58 23 36.7 
+57 32 00.2 
+57 12 45.8 
+57 58 32.7 
+57 40 44.1 
+57 55 08.4 
+57 48 22.0 
+56 56 02.3 
+58 12 17.0 
+57 36 01.1 
+57 03 55.2 
+57 34 38.3 
+57 24 41.0 
+57 30 26.5 
+58 20 24.4 
+58 20 18.0 
+58 20 30.9 
+58 13 21.8 
+57 07 13.0 
+57 07 05.3 
+57 07 19.3 
+57 11 00.7 
+57 42 35.8 
+58 11 54.5 
+57 47 12.7 
+57 55 54.4 
+58 27 56.8 
+58 46 21.2 
+58 34 39.0 
+57 32 43.0 
+57 44 23.4 
+57 00 59.8 
+57 31 06.6 
+58 50 54.3 
+58 07 15.2 
+58 31 00.4 
+58 04 18.1 
+58 07 48.6 
+58 20 25.1 
+58 59 01.5 
+58 58 12.3 
+57 52 28.7 
+57 45 54.6 
  1.558 
  0.144 
 14.170 
  1.519 
 14.170 
  2.063 
  0.135 
 15.018 
  0.985 
  0.967 
  0.667 
  0.985 
  0.124 
  0.126 
  0.359 
  0.698 
  0.084 
  0.137 
  0.095 
  0.126 
  0.098 
  0.143 
  1.358 
  0.095 
  0.088 
  0.085 
  1.080 
  0.101 
  0.239 
  0.514 
  0.144 
  0.079 
  0.081 
  0.253 
  0.253 
  0.246 
  0.383 
  0.201 
  0.132 
  0.201 
  0.109 
  0.367 
  0.082 
  0.400 
  0.119 
  7.682 
  0.113 
  0.077 
  0.126 
  1.366 
  0.186 
  0.152 
  0.363 
  0.141 
  0.148 
  0.105 
  0.081 
  0.115 
  0.319 
  0.254 
  0.085 
































































































































  9.50 
  9.37 
  8.77 
  9.19 





  8.89 
  9.40 
  9.29 
  9.42 
  8.79 
  9.11 
  9.49 
 21.67 
  9.09 
  9.32 
  9.33 
 10.20 
  9.58 
 10.20 
  9.33 
  9.86 
  9.19 
  9.86 
  9.36 
  9.61 
 10.14 
 
  9.14 
  9.46 
  9.77 
 
 11.33 
  9.04 
  8.74 
 20.80 
 11.17 
  9.38 
  8.95 
 48.38 
  9.80 
  9.33 
  9.76 
  9.21 
  9.81 
  9.57 
  9.99 
  9.30 
  9.97 
 10.41 
  9.60 
 10.54 
  9.27 
  9.11 
  9.77 
  9.71 
-22.2 
-28.9 




  8.5 
  0.5 







  8.1 
 32.5 
  3.0 
-22.6 
 35.0 
  3.2 
-10.4 
  3.1 










     
  6.9 
 -1.9 
  5.7 
     
 88.6 




  0.1 
 -0.1 

















  6.64 
  7.44 
       
  9.19 
  5.31 
  0.00 
  0.00 
  2.72 
       
  5.26 
 13.61 
  9.69 
  0.00 
  6.75 
  0.00 
  3.30 
  0.00 
  0.00 
  0.00 
 19.76 
  0.00 
  9.40 
  2.63 
  0.00 
 12.23 
  8.14 
  3.51 
  0.00 
  4.76 
  9.28 
  0.00 
  0.00 
  7.05 
       
  0.00 
  0.00 
  4.77 
       
  7.32 
  0.00 
  0.00 
 38.27 
 11.67 
  0.00 
  0.00 
115.10 
  0.00 
  0.00 
  6.39 
  2.48 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  9.23 
  0.00 
  8.56 
  0.00 
  0.00 
  8.81 
  0.00 
  3.99 
  3.48 
       
  1.76 
  1.44 
  0.00 
  0.00 
  1.48 
       
  1.81 
  2.99 
  3.00 
  0.00 
  2.16 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
 18.77 
  0.00 
  1.99 
  1.15 
  0.00 
  2.43 
  3.18 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  2.21 
       
  0.00 
  0.00 
  3.50 
       
  2.72 
  0.00 
  0.00 
 17.76 
  2.92 
  0.00 
  0.00 
 47.54 
  0.00 
  0.00 
  3.34 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  1.83 
  0.00 
  4.24 
  0.00 
  0.00 
  0.00 
  0.00 
-64.9 
-54.7 
      
 27.8 
 31.8 
  0.0 
  0.0 
 86.6 




  0.0 
 21.0 
  0.0 
 62.8 
  0.0 
  0.0 
  0.0 
 86.0 
  0.0 
-15.2 
 68.0 




  0.0 
-38.4 
-46.7 
  0.0 
  0.0 
 53.2 
      
  0.0 
  0.0 
 30.0 
      
 89.8 
  0.0 
  0.0 
 72.7 
 72.9 
  0.0 
  0.0 
  0.4 
  0.0 
  0.0 
 24.7 
 54.7 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
-57.9 
  0.0 
-42.4 
  0.0 
  0.0 
 73.2 
  0.0 
0.1440 
0.0155 

































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 46 33.29 
10 46 33.31 
10 46 33.51 
10 46 33.59 
10 46 33.75 
10 46 33.75 
10 46 33.78 
10 46 33.81 
10 46 33.85 
10 46 34.15 
10 46 34.15 
10 46 34.19 
10 46 34.21 
10 46 34.44 
10 46 34.49 
10 46 34.67 
10 46 34.77 
10 46 34.98 
10 46 35.17 
10 46 35.31 
10 46 35.64 
10 46 35.70 
10 46 35.77 
10 46 35.82 
10 46 35.83 
10 46 35.93 
10 46 36.04 
10 46 36.22 
10 46 36.59 
10 46 36.66 
10 46 36.73 
10 46 36.84 
10 46 36.93 
10 46 37.38 
10 46 37.49 
10 46 37.52 
10 46 37.60 
10 46 37.66 
10 46 37.67 
10 46 37.70 
10 46 37.83 
10 46 37.88 
10 46 37.92 
10 46 38.16 
10 46 38.34 
10 46 38.53 
10 46 38.56 
10 46 39.15 
10 46 39.40 
10 46 39.56 
10 46 39.66 
10 46 39.90 
10 46 40.82 
10 46 41.26 
10 46 41.42 
10 46 41.50 
10 46 42.50 
10 46 42.79 
10 46 42.92 
10 46 43.02 
10 46 42.17 
10 46 44.46 
+57 29 45.4 
+58 42 30.2 
+57 32 49.3 
+57 39 21.5 
+57 46 18.7 
+57 59 44.0 
+58 35 16.0 
+57 18 32.6 
+57 45 30.6 
+57 16 55.5 
+57 51 42.2 
+57 52 05.9 
+57 55 17.5 
+57 25 35.6 
+57 10 24.1 
+58 25 01.6 
+57 47 02.4 
+57 37 36.5 
+58 19 44.5 
+57 15 02.6 
+58 53 40.7 
+58 06 52.6 
+57 53 44.9 
+58 37 39.2 
+58 27 54.4 
+57 03 38.6 
+56 58 52.8 
+57 28 03.5 
+58 34 39.8 
+58 32 48.8 
+57 23 33.4 
+58 38 17.5 
+56 51 53.4 
+58 39 10.7 
+58 29 08.8 
+58 12 29.7 
+57 43 59.4 
+57 57 48.7 
+57 41 59.3 
+58 09 34.6 
+59 02 09.4 
+57 39 37.9 
+57 38 56.6 
+57 12 23.1 
+58 15 58.4 
+58 54 18.9 
+58 30 00.3 
+58 17 49.9 
+57 27 07.8 
+58 26 38.8 
+57 20 02.4 
+57 04 52.7 
+58 31 15.6 
+58 18 48.7 
+58 52 13.9 
+59 11 42.7 
+58 24 13.1 
+58 23 26.1 
+57 34 41.0 
+58 28 24.9 
+58 28 27.8 
+58 28 19.9 
  0.098 
  0.092 
  0.132 
  0.193 
  0.190 
  2.193 
  0.176 
  0.086 
  0.255 
  0.897 
  0.090 
  0.088 
  0.140 
  0.085 
  0.096 
  0.096 
  0.074 
  0.320 
  0.305 
  0.143 
  0.429 
  0.119 
  0.093 
  0.187 
  0.211 
  0.222 
  0.133 
  0.125 
  0.081 
  0.109 
  0.079 
  0.084 
  0.256 
  0.089 
  0.146 
  0.124 
  0.163 
  0.114 
  0.100 
  0.132 
  0.567 
  0.094 
  0.091 
  0.090 
  0.150 
  0.611 
  0.103 
  0.140 
  0.097 
  0.083 
  0.100 
  8.452 
  0.224 
  0.078 
  0.919 
  1.927 
  0.181 
  0.088 
  0.252 
  0.248 
  0.248 





























































































































  9.51 
  9.90 
  9.19 
  9.00 
  9.16 
  9.43 
 11.00 
  8.73 
  9.16 
  9.28 
  9.96 
  9.91 
  9.00 
  9.85 
  9.06 
 10.64 
  8.38 
  9.40 
  9.45 
  8.96 
  8.84 
  9.00 
  9.65 
  9.90 
  8.85 
  8.91 
  9.73 
 10.47 
  9.22 
  9.00 
  9.55 
  9.31 
  9.03 
  8.88 
  9.00 
 10.22 
  9.13 
 10.10 
  9.74 
  8.86 
  9.09 
  9.20 
  9.91 
  8.82 
  9.17 
 10.43 
  9.39 
  9.00 
 10.40 
  9.95 
  9.28 
  9.06 
  9.76 
  9.18 
 10.01 
  8.30 
 10.14 
  9.80 
  9.44 
 
  9.83 
 10.64 







  6.4 












  1.8 
 -2.2 



















  1.9 
  7.4 
 18.6 
  7.2 
-40.4 




  2.3 
 -0.5 
-18.6 






     
 13.8 
 22.0 
  0.00 
  0.00 
  0.00 
  0.00 
  6.24 
  2.85 
  7.12 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  6.49 
  0.00 
  7.71 
  0.00 
  6.59 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  5.92 
  0.00 
  0.00 
  0.00 
  6.63 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
 10.51 
  0.00 
  0.00 
  6.92 
 11.62 
  0.00 
  0.00 
  0.00 
 12.68 
  0.00 
  0.00 
  9.50 
  0.00 
  0.00 
  1.52 
 10.61 
  8.99 
  4.60 
  0.00 
  5.04 
  0.00 
  7.31 
       
  4.77 
  6.10 
  0.00 
  0.00 
  0.00 
  0.00 
  1.33 
  2.07 
  1.70 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  3.42 
  0.00 
  0.00 
  0.00 
  1.31 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  3.87 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  4.20 
  0.00 
  0.00 
  0.00 
  1.89 
  0.00 
  0.00 
  0.00 
  2.90 
  0.00 
  0.00 
  1.92 
  0.00 
  0.00 
  0.99 
  2.96 
  1.74 
  1.57 
  0.00 
  4.67 
  0.00 
  1.62 
       
  2.04 
  2.92 
  0.0 
  0.0 
  0.0 




  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
-28.9 
  0.0 
 75.1 
  0.0 
 30.5 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
-65.3 
  0.0 
  0.0 
  0.0 
 53.8 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
 20.1 
  0.0 
  0.0 
-19.4 
  2.5 
  0.0 
  0.0 
  0.0 
-47.9 
  0.0 
  0.0 
-56.7 
  0.0 
  0.0 
-16.3 
-25.3 
  5.4 
 75.7 
  0.0 
 -6.0 
  0.0 
-28.7 






































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 





























  76 
  76 



































































































































































10 46 43.22 
10 46 43.23 
10 46 43.25 
10 46 43.34 
10 46 43.34 
10 46 43.75 
10 46 43.81 
10 46 44.03 
10 46 44.20 
10 46 44.34 
10 46 44.36 
10 46 44.65 
10 46 44.70 
10 46 44.97 
10 46 44.98 
10 46 45.17 
10 46 45.18 
10 46 45.32 
10 46 45.34 
10 46 45.47 
10 46 45.53 
10 46 45.73 
10 46 44.95 
10 46 46.15 
10 46 45.90 
10 46 46.01 
10 46 46.13 
10 46 46.17 
10 46 46.25 
10 46 45.79 
10 46 46.66 
10 46 46.27 
10 46 46.36 
10 46 46.38 
10 46 46.53 
10 46 46.56 
10 46 46.65 
10 46 46.69 
10 46 46.82 
10 46 46.85 
10 46 46.98 
10 46 47.03 
10 46 47.13 
10 46 47.36 
10 46 47.82 
10 46 47.85 
10 46 47.98 
10 46 48.01 
10 46 48.76 
10 46 48.76 
10 46 48.93 
10 46 49.33 
10 46 49.34 
10 46 49.39 
10 46 49.42 
10 46 49.60 
10 46 49.76 
10 46 49.82 
10 46 49.88 
10 46 50.19 
10 46 50.39 
10 46 50.50 
+57 58 54.1 
+57 10 40.3 
+57 11 05.1 
+58 06 53.0 
+58 47 14.4 
+57 48 54.3 
+57 41 24.4 
+57 17 59.4 
+56 55 46.0 
+58 40 55.6 
+58 21 16.9 
+57 55 11.7 
+58 09 23.7 
+57 48 21.4 
+58 27 01.7 
+57 14 42.8 
+58 17 13.1 
+57 39 04.4 
+58 03 04.1 
+58 40 39.0 
+57 49 30.9 
+56 47 42.9 
+56 48 22.2 
+56 47 21.6 
+57 21 08.5 
+58 34 00.7 
+58 02 33.7 
+58 25 16.1 
+57 09 58.1 
+57 09 53.3 
+57 10 02.4 
+58 13 22.2 
+57 32 24.8 
+58 39 49.5 
+56 44 56.9 
+57 16 06.7 
+57 07 03.0 
+58 04 47.4 
+57 05 32.9 
+58 29 19.6 
+56 53 17.9 
+57 28 23.6 
+57 14 58.6 
+58 49 02.8 
+57 51 18.7 
+58 14 25.2 
+57 08 46.8 
+58 31 47.5 
+57 11 47.4 
+57 45 39.7 
+56 43 23.4 
+57 54 38.3 
+58 11 37.1 
+58 00 22.6 
+57 25 20.1 
+58 54 16.4 
+57 50 09.1 
+59 12 35.8 
+58 09 03.2 
+57 07 28.0 
+58 01 39.2 
+57 59 23.3 
  0.110 
  0.111 
  0.101 
  0.101 
  0.415 
  0.551 
  0.240 
  0.074 
  0.170 
  0.086 
  6.819 
  0.078 
  0.079 
  0.095 
  0.339 
  0.092 
  0.252 
  0.074 
  0.126 
  0.080 




  0.092 
  0.117 
  0.103 
  0.134 
  0.291 
  0.243 
  0.291 
  0.166 
  3.078 
  0.105 
  1.626 
  0.094 
  0.366 
  0.202 
  0.410 
  0.075 
  0.239 
  0.164 
  0.136 
  0.129 
  0.092 
  1.577 
  0.100 
  0.117 
  0.119 
  0.075 
  0.669 
  0.088 
  0.075 
  0.107 
  0.102 
  0.177 
  0.411 
  2.077 
  0.254 
  0.103 
  0.245 





























































































































  9.05 
  9.65 
 10.56 
  9.86 
  9.87 
  9.43 
  9.95 
  8.30 
  8.77 
  9.09 
 11.24 
  9.68 
  9.96 
  9.31 
  9.49 
  8.83 
 10.08 
 10.18 
  9.51 
  8.56 
  8.07 
 
  9.38 
  9.10 
  9.45 
  9.47 




  9.66 
 11.00 
  9.17 
  9.35 
  9.09 
  8.55 
  9.21 
  9.06 
  9.18 
  8.86 
  9.17 
 10.13 
  9.16 
  9.09 
 10.35 
  9.60 
  9.69 
  9.05 
  9.70 
  9.41 
  8.22 
  9.89 
 10.65 
  9.35 
  9.55 
  9.31 
 10.05 
  8.59 
  9.32 
  8.12 







  7.1 
-11.2 











  9.6 
  0.5 
 14.8 
     
 -8.6 
 -2.5 
  9.4 
  5.0 
-13.3 
  8.4 
     
 34.5 
 19.1 
  3.9 
  4.6 
-65.6 
  6.7 


















  3.9 
 -9.3 
 -1.9 




  5.8 
 23.9 
  0.00 
  0.00 
  6.18 
  0.00 
  4.37 
  4.32 
  4.59 
  0.00 
  0.00 
  0.00 
 10.66 
 12.39 
  6.89 
 10.44 
  0.00 
  0.00 
  4.99 
  0.00 
  5.76 
  0.00 
  0.00 
       
 12.87 
  4.57 
  0.00 
  0.00 
  0.00 
 10.83 
       
  9.60 
  8.19 
  6.83 
  4.63 
  0.00 
  6.62 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  7.69 
  5.98 
  0.00 
  6.00 
  3.48 
 14.15 
  9.40 
  6.43 
  0.00 
  0.00 
  0.00 
  6.81 
  0.00 
  0.00 
  0.00 
  4.66 
  0.00 
  0.00 
  0.00 
  4.02 
  5.59 
  0.00 
  0.00 
  3.25 
  0.00 
  0.00 
  2.28 
  1.92 
  0.00 
  0.00 
  0.00 
  2.59 
  1.99 
  1.02 
  0.00 
  0.00 
  0.00 
  3.40 
  0.00 
  2.57 
  0.00 
  0.00 
       
  2.42 
  1.25 
  0.00 
  0.00 
  0.00 
  5.35 
       
  1.58 
  2.33 
  6.22 
  1.51 
  0.00 
  0.76 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  1.54 
  0.00 
  3.94 
  1.14 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  3.00 
  0.00 
  0.00 
  0.00 
  3.09 
  0.00 
  0.00 
  0.00 
  0.00 
  0.39 
  0.0 
  0.0 
-68.1 




  0.0 
  0.0 





  0.0 
  0.0 
-60.0 
  0.0 
 24.4 
  0.0 
  0.0 
      
-10.7 
 -7.7 
  0.0 
  0.0 
  0.0 
 12.1 





  0.0 
 12.9 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
 69.9 
 -9.9 






  0.0 
  0.0 
  0.0 
 66.8 
  0.0 
  0.0 
  0.0 
 71.3 
  0.0 
  0.0 






































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 













  71 
  71 



















































































































































































10 46 50.54 
10 46 50.93 
10 46 51.09 
10 46 51.55 
10 46 51.55 
10 46 51.58 
10 46 50.48 
10 46 52.80 
10 46 51.68 
10 46 51.80 
10 46 52.32 
10 46 52.48 
10 46 52.57 
10 46 52.66 
10 46 52.73 
10 46 52.79 
10 46 52.99 
10 46 53.19 
10 46 53.23 
10 46 53.37 
10 46 53.39 
10 46 53.41 
10 46 53.51 
10 46 53.56 
10 46 53.92 
10 46 53.93 
10 46 53.99 
10 46 54.36 
10 46 54.40 
10 46 54.55 
10 46 54.69 
10 46 54.89 
10 46 54.96 
10 46 55.16 
10 46 55.95 
10 46 56.10 
10 46 56.25 
10 46 56.36 
10 46 56.51 
10 46 56.52 
10 46 56.81 
10 46 56.98 
10 46 57.25 
10 46 57.31 
10 46 57.73 
10 46 58.14 
10 46 58.36 
10 46 58.50 
10 46 58.58 
10 46 58.68 
10 46 58.79 
10 46 58.81 
10 46 58.99 
10 46 59.04 
10 46 59.05 
10 46 59.07 
10 46 59.44 
10 46 59.50 
10 46 59.52 
10 46 58.16 
10 47 00.11 
10 46 59.66 
+58 37 13.4 
+58 06 11.8 
+58 13 04.2 
+58 19 55.2 
+58 26 59.5 
+56 47 27.4 
+56 47 25.9 
+56 47 29.1 
+57 47 32.8 
+57 25 31.4 
+58 36 29.4 
+57 11 55.3 
+57 17 28.6 
+58 02 12.3 
+58 24 47.6 
+57 27 43.4 
+57 22 18.7 
+58 03 16.9 
+57 06 16.1 
+58 37 46.1 
+57 23 10.4 
+57 20 58.4 
+58 00 54.7 
+57 41 44.8 
+57 45 25.4 
+58 41 30.9 
+58 14 07.9 
+58 27 00.7 
+57 53 07.7 
+57 04 36.3 
+57 07 14.4 
+57 22 53.1 
+57 24 14.9 
+56 53 25.8 
+58 10 36.1 
+57 17 55.1 
+57 25 28.3 
+58 36 17.0 
+58 06 53.8 
+57 48 45.2 
+56 52 44.9 
+57 45 30.2 
+57 56 14.4 
+57 28 55.9 
+58 45 23.9 
+57 06 37.0 
+57 23 07.3 
+57 58 01.6 
+58 50 53.4 
+57 02 02.6 
+58 40 44.6 
+57 39 56.3 
+57 12 35.9 
+57 30 57.2 
+58 16 31.5 
+57 41 35.7 
+58 46 22.8 
+56 56 50.6 
+58 31 56.4 
+58 32 05.1 
+58 31 52.6 
+58 31 16.8 
  0.078 
  0.124 
  0.091 
  0.114 
  0.074 
  0.502 
  0.468 
  0.502 
  1.012 
  0.089 
  0.676 
  1.045 
  0.196 
  0.514 
  0.194 
  0.107 
  0.203 
  0.089 
  0.268 
  0.161 
  0.074 
  0.088 
  0.120 
  0.112 
  0.083 
  0.204 
  0.212 
  0.100 
  0.073 
  0.109 
  0.440 
  0.375 
  0.088 
  0.364 
  0.110 
  0.145 
  0.081 
  0.074 
  0.104 
  0.072 
  0.279 
  0.336 
  0.074 
  0.126 
  0.109 
  0.151 
  0.203 
  0.079 
  0.126 
  0.239 
  0.137 
  0.346 
  0.219 
  0.112 
  0.075 
  0.131 
  0.210 
  0.153 
  0.257 
  0.114 
  0.257 





























































































































  9.95 
 10.53 
  9.48 
  9.89 
  9.40 
 
  9.42 
  9.17 
  9.40 
  8.34 
  9.65 
  9.24 
  9.23 
  9.26 
  9.02 
  9.00 
 10.53 
  9.56 
  9.56 
  8.83 
  9.00 
  9.07 
  9.75 
  9.00 
  9.46 
  9.65 
 10.34 
  9.43 
 10.66 
  9.47 
  9.43 
 11.00 
  8.04 
  9.43 
  9.63 
  9.72 
  8.69 
  9.07 
  9.43 
 10.62 
  9.28 
  9.32 
  8.55 
  9.47 
  8.97 
  9.39 
  9.99 
  9.70 
  8.99 
 10.57 
  9.63 
  9.12 
 10.31 
  8.93 
  8.62 
  9.98 
  9.06 
  8.83 
 
  9.30 
  9.96 
  9.81 
 28.8 
 31.4 
  5.6 
 16.2 
 -6.5 







  0.5 
 -3.2 




  3.8 
  1.5 





  5.6 
-14.0 
  7.6 
 -8.3 









  4.8 
-12.6 
 -1.8 
  1.5 














  6.6 
  5.6 
     
-23.4 
  6.7 
 11.6 
  0.00 
  6.41 
  0.00 
  0.00 
  0.00 
       
  0.00 
  0.00 
  3.65 
  0.00 
  3.66 
  2.77 
  5.72 
  4.05 
  0.00 
  0.00 
  8.11 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
 13.30 
  0.00 
  9.21 
  4.30 
 21.17 
  0.00 
  0.00 
  9.16 
  4.75 
 22.15 
  0.00 
  0.00 
  6.66 
  7.38 
  0.00 
  0.00 
  0.00 
  6.10 
  0.00 
  2.53 
  0.00 
  5.34 
  0.00 
  7.39 
  6.64 
  0.00 
  0.00 
  8.91 
  0.00 
  3.01 
  5.06 
  0.00 
  0.00 
  8.86 
  0.00 
  0.00 
       
  8.09 
  6.46 
  4.49 
  0.00 
  2.16 
  0.00 
  0.00 
  0.00 
       
  0.00 
  0.00 
  0.86 
  0.00 
  2.33 
  1.06 
  2.05 
  2.05 
  0.00 
  0.00 
  3.10 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  3.46 
  0.00 
  2.67 
  3.08 
  4.83 
  0.00 
  0.00 
  2.87 
  1.90 
  6.19 
  0.00 
  0.00 
  2.78 
  3.09 
  0.00 
  0.00 
  0.00 
  4.47 
  0.00 
  1.98 
  0.00 
  2.83 
  0.00 
  2.42 
  0.37 
  0.00 
  0.00 
  2.13 
  0.00 
  1.45 
  0.00 
  0.00 
  0.00 
  3.09 
  0.00 
  0.00 
       
  0.00 
  4.09 
  2.02 
  0.0 
 70.3 
  0.0 
  0.0 
  0.0 
      
  0.0 
  0.0 
-51.1 
  0.0 
-68.6 
-47.1 
  1.2 
-13.9 
  0.0 
  0.0 
 55.9 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
-14.6 




  0.0 
  0.0 
  7.3 
-33.9 
-12.3 
  0.0 
  0.0 
-26.5 
 24.8 
  0.0 
  0.0 
  0.0 
-61.9 
  0.0 
 63.1 
  0.0 
-12.8 
  0.0 
-14.0 
 56.4 
  0.0 
  0.0 
-61.7 
  0.0 
 -6.8 
-86.1 
  0.0 
  0.0 
-34.9 
  0.0 
  0.0 







































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 46 59.91 
10 46 59.94 
10 46 59.99 
10 47 00.06 
10 47 00.16 
10 47 00.23 
10 47 00.42 
10 47 00.50 
10 47 00.68 
10 47 00.68 
10 47 00.87 
10 47 01.18 
10 47 01.33 
10 47 01.35 
10 47 01.53 
10 47 01.59 
10 47 01.75 
10 47 01.75 
10 47 01.76 
10 47 01.80 
10 47 01.85 
10 47 02.02 
10 47 02.04 
10 47 02.09 
10 47 02.44 
10 47 02.59 
10 47 02.79 
10 47 02.88 
10 47 03.03 
10 47 03.12 
10 47 03.17 
10 47 03.04 
10 47 03.44 
10 47 03.28 
10 47 03.37 
10 47 03.38 
10 47 03.75 
10 47 03.86 
10 47 03.98 
10 47 04.08 
10 47 04.08 
10 47 04.15 
10 47 04.16 
10 47 04.38 
10 47 04.48 
10 47 04.81 
10 47 04.97 
10 47 05.16 
10 47 05.39 
10 47 05.46 
10 47 05.59 
10 47 05.61 
10 47 05.76 
10 47 06.12 
10 47 06.13 
10 47 06.25 
10 47 06.36 
10 47 06.59 
10 47 06.60 
10 47 06.65 
10 47 07.13 
10 47 07.18 
+57 02 46.4 
+59 13 43.6 
+57 35 37.1 
+56 59 29.6 
+58 50 11.0 
+56 40 50.8 
+57 30 08.4 
+57 04 51.2 
+57 45 58.7 
+58 32 27.2 
+58 54 28.9 
+57 13 53.6 
+58 49 46.4 
+56 49 08.3 
+57 26 28.8 
+57 20 36.5 
+57 13 04.9 
+57 21 17.7 
+58 23 56.5 
+58 03 41.6 
+58 00 08.5 
+57 44 20.8 
+58 54 00.1 
+57 40 37.9 
+58 45 22.6 
+57 02 16.5 
+57 20 17.8 
+57 36 29.9 
+56 52 04.0 
+58 33 10.3 
+58 02 47.8 
+58 02 42.4 
+58 02 58.5 
+57 15 36.8 
+57 19 42.4 
+58 35 55.5 
+57 37 24.6 
+58 59 10.5 
+57 48 36.7 
+57 06 53.6 
+57 38 50.4 
+57 43 57.0 
+58 47 31.9 
+56 59 58.4 
+57 32 07.3 
+58 01 39.5 
+57 12 49.1 
+57 20 31.8 
+58 44 20.1 
+57 57 12.7 
+58 27 41.9 
+57 27 21.1 
+58 05 41.7 
+58 18 15.4 
+57 19 03.7 
+58 39 14.2 
+57 54 12.2 
+58 01 32.6 
+57 10 54.8 
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+57 02 47.7 
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10 48 41.32 
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10 49 03.25 
10 49 03.28 
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10 49 07.80 
10 49 08.13 
10 49 08.14 
10 49 08.14 
10 49 08.22 
10 49 08.22 
10 49 08.24 
10 49 08.37 
10 49 08.38 
10 49 08.64 
10 49 08.78 
10 49 08.88 
10 49 08.89 
10 49 08.97 
10 49 09.04 
10 49 09.11 
10 49 09.14 
10 49 09.52 
10 49 09.82 
10 49 09.88 
10 49 09.92 
10 49 10.11 
10 49 10.13 
10 49 10.30 
10 49 11.21 
10 49 11.34 
10 49 11.37 
10 49 11.38 
10 49 11.63 
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10 49 11.75 
10 49 11.81 
10 49 12.10 
10 49 12.32 
10 49 12.39 
10 49 12.51 
10 49 12.60 
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+57 15 26.2 
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+57 33 57.6 
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+57 14 15.0 
+59 00 52.6 
+58 17 38.7 
+58 11 05.2 
+59 24 26.2 
+58 40 57.0 
+57 24 14.9 
+57 33 13.3 
+58 00 44.5 
+57 53 47.5 
+57 04 53.5 
+57 51 10.5 
+58 37 57.6 
+58 30 15.0 
+58 09 52.5 
+58 11 27.7 
+57 07 44.3 
+58 34 59.6 
+56 55 04.7 
+57 24 51.4 
+58 15 17.4 
+58 15 22.0 
+58 15 15.2 
+58 28 54.6 
+58 37 30.4 
+58 25 46.0 
+57 21 16.2 
+59 02 05.2 
+57 13 54.8 
+58 56 44.4 
+58 06 58.8 
+58 53 46.5 
+58 53 59.1 
+58 53 45.7 
+58 53 34.1 
+57 35 55.4 
+57 57 29.7 
+58 39 30.7 
+58 01 09.8 
+58 24 00.6 
+58 44 29.1 
+58 42 26.8 
+57 29 10.5 
+57 14 27.5 
+57 49 52.8 
+57 29 50.0 
+58 50 24.0 
+59 13 13.3 
+57 10 36.7 
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  0.00 
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  1.90 
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  0.00 
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  2.42 
  1.51 
  3.33 
  2.23 
  4.71 
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10 50 29.45 
10 50 29.47 
10 50 29.73 
10 50 30.15 
10 50 30.15 
10 50 30.29 
10 50 30.31 
10 50 29.89 
10 50 31.59 
10 50 30.34 
10 50 30.70 
10 50 30.71 
10 50 30.73 
10 50 30.84 
10 50 31.32 
10 50 31.40 
10 50 31.46 
10 50 31.47 
10 50 31.52 
10 50 29.68 
10 50 37.17 
10 50 31.53 
10 50 31.54 
10 50 31.59 
10 50 31.73 
10 50 31.81 
10 50 31.91 
10 50 31.94 
10 50 31.95 
10 50 32.01 
10 50 32.22 
10 50 32.39 
10 50 32.41 
10 50 32.41 
10 50 32.68 
10 50 32.96 
10 50 33.02 
10 50 33.04 
10 50 33.09 
10 50 33.23 
10 50 33.44 
10 50 33.52 
10 50 33.76 
10 50 33.93 
10 50 34.02 
10 50 34.19 
10 50 34.27 
10 50 34.41 
10 50 34.42 
10 50 34.66 
10 50 34.75 
10 50 34.91 
10 50 35.03 
10 50 35.26 
10 50 35.38 
10 50 35.76 
10 50 35.83 
10 50 35.23 
10 50 36.31 
10 50 35.89 
10 50 35.92 
10 50 36.07 
+58 34 24.1 
+58 18 31.7 
+57 33 44.9 
+57 34 13.1 
+57 45 23.2 
+58 32 11.7 
+58 42 02.1 
+58 42 01.1 
+58 42 04.9 
+58 54 56.7 
+58 36 52.6 
+58 24 50.4 
+57 58 39.8 
+56 59 24.0 
+57 34 58.0 
+58 24 04.3 
+57 38 25.5 
+57 39 22.3 
+59 05 49.7 
+59 05 51.4 
+59 05 44.4 
+57 31 31.8 
+57 24 01.2 
+57 52 43.4 
+57 31 58.1 
+58 50 36.8 
+58 15 31.4 
+57 20 27.1 
+57 41 27.9 
+58 58 18.8 
+58 04 04.5 
+58 08 01.9 
+58 33 19.3 
+59 01 04.1 
+57 26 46.7 
+58 46 00.5 
+58 55 05.8 
+57 17 03.5 
+57 35 31.4 
+57 28 33.7 
+58 52 24.3 
+58 57 50.2 
+58 45 29.4 
+58 23 35.1 
+57 21 52.6 
+57 29 22.0 
+57 15 23.5 
+57 33 45.7 
+58 51 33.8 
+57 40 27.4 
+57 22 53.1 
+56 51 31.0 
+57 25 32.8 
+57 16 21.6 
+58 13 23.2 
+57 26 07.7 
+56 57 14.6 
+56 57 11.6 
+56 57 16.9 
+58 26 59.9 
+58 22 41.6 
+58 38 13.2 
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  0.093 
  0.054 
  0.221 
  0.095 
  0.253 
  0.253 
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  0.119 
  0.130 
  0.086 
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  0.092 
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  0.134 
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  0.144 
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  0.232 
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10 50 36.34 
10 50 36.37 
10 50 36.57 
10 50 36.76 
10 50 36.95 
10 50 37.13 
10 50 37.13 
10 50 37.16 
10 50 37.23 
10 50 37.48 
10 50 37.56 
10 50 37.75 
10 50 37.90 
10 50 37.97 
10 50 38.07 
10 50 38.25 
10 50 36.00 
10 50 39.54 
10 50 38.29 
10 50 38.36 
10 50 38.73 
10 50 38.65 
10 50 38.95 
10 50 38.75 
10 50 38.88 
10 50 38.92 
10 50 39.14 
10 50 39.17 
10 50 39.25 
10 50 39.25 
10 50 39.41 
10 50 39.53 
10 50 39.55 
10 50 39.56 
10 50 39.57 
10 50 39.17 
10 50 39.99 
10 50 39.68 
10 50 39.73 
10 50 39.98 
10 50 40.26 
10 50 40.26 
10 50 40.28 
10 50 40.54 
10 50 40.56 
10 50 40.65 
10 50 40.66 
10 50 40.70 
10 50 40.76 
10 50 41.21 
10 50 41.43 
10 50 41.66 
10 50 41.69 
10 50 41.76 
10 50 41.83 
10 50 41.85 
10 50 41.97 
10 50 42.03 
10 50 42.04 
10 50 42.39 
10 50 42.57 
10 50 42.71 
+58 54 52.0 
+58 00 16.2 
+57 55 37.1 
+58 41 34.4 
+57 38 33.9 
+57 37 41.4 
+58 44 33.5 
+56 40 36.4 
+57 32 29.8 
+58 59 15.3 
+57 28 44.7 
+57 34 58.5 
+58 21 22.8 
+58 39 51.4 
+57 24 30.5 
+57 23 30.5 
+57 23 19.8 
+57 23 36.6 
+57 20 36.6 
+57 26 12.9 
+58 51 22.1 
+58 51 27.9 
+58 51 05.9 
+58 34 39.5 
+58 02 24.1 
+58 30 10.8 
+57 41 57.8 
+56 58 06.6 
+57 29 38.8 
+58 35 26.3 
+57 47 06.2 
+58 31 33.6 
+57 45 28.1 
+58 56 56.5 
+57 33 40.2 
+57 33 44.4 
+57 33 35.9 
+58 28 03.8 
+58 28 29.4 
+57 30 24.7 
+57 47 54.8 
+57 56 07.8 
+58 14 27.4 
+57 24 23.9 
+57 50 06.4 
+58 23 32.2 
+57 33 08.0 
+57 54 02.2 
+58 47 04.6 
+58 22 32.2 
+57 55 17.6 
+58 48 57.9 
+57 37 26.5 
+58 30 51.0 
+58 22 57.5 
+58 31 34.8 
+57 07 06.6 
+58 09 47.6 
+58 15 59.5 
+57 44 30.5 
+57 50 30.6 
+58 52 22.0 
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  3.192 
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  0.862 
  0.071 
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  0.314 
  0.065 
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  0.00 
  4.69 
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  0.00 
  2.06 
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  0.00 
  0.00 
  1.71 
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  0.00 
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  4.05 
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  3.34 
  3.96 
       
  3.08 
  0.98 
  3.12 
  0.00 
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  0.00 
  5.83 
  3.73 
  2.84 
  1.99 
  0.38 
  1.77 
  1.15 
  3.10 
  2.03 
  6.06 
  3.07 
       
  5.50 
  0.00 
  0.44 
  0.00 
  0.00 
  2.54 
  4.29 
  1.98 
  1.86 
  4.24 
  1.75 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
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  6.61 
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10 50 42.94 
10 50 43.02 
10 50 43.15 
10 50 43.19 
10 50 43.22 
10 50 43.42 
10 50 43.50 
10 50 43.97 
10 50 44.03 
10 50 44.10 
10 50 44.25 
10 50 44.41 
10 50 44.77 
10 50 45.04 
10 50 45.05 
10 50 45.05 
10 50 45.06 
10 50 45.25 
10 50 45.31 
10 50 45.49 
10 50 45.55 
10 50 45.66 
10 50 45.70 
10 50 45.71 
10 50 45.83 
10 50 45.91 
10 50 46.02 
10 50 46.02 
10 50 46.26 
10 50 46.56 
10 50 46.56 
10 50 46.58 
10 50 46.68 
10 50 46.75 
10 50 46.81 
10 50 46.84 
10 50 46.99 
10 50 47.41 
10 50 47.46 
10 50 47.61 
10 50 47.67 
10 50 47.87 
10 50 47.97 
10 50 48.00 
10 50 48.21 
10 50 48.34 
10 50 48.81 
10 50 49.08 
10 50 49.19 
10 50 49.20 
10 50 49.27 
10 50 49.30 
10 50 49.43 
10 50 49.77 
10 50 49.92 
10 50 49.98 
10 50 50.00 
10 50 50.26 
10 50 50.50 
10 50 50.53 
10 50 50.68 
10 50 50.86 
+57 31 33.6 
+57 17 32.8 
+58 36 34.1 
+58 32 26.1 
+57 52 31.2 
+58 20 24.5 
+58 03 17.5 
+57 16 07.2 
+58 41 29.6 
+57 59 08.8 
+58 55 25.3 
+58 38 40.2 
+57 33 23.6 
+59 06 02.0 
+57 17 16.3 
+57 28 27.4 
+57 03 08.0 
+57 37 33.9 
+58 18 38.5 
+57 51 25.4 
+57 32 58.4 
+57 10 50.8 
+58 57 59.0 
+58 06 28.7 
+57 47 32.9 
+57 08 23.6 
+57 56 23.7 
+58 17 26.4 
+57 28 48.9 
+57 56 49.6 
+58 46 05.4 
+58 09 56.4 
+58 04 23.1 
+58 27 09.9 
+59 01 18.0 
+58 42 28.6 
+57 43 36.0 
+57 55 57.0 
+58 53 00.7 
+58 46 49.8 
+58 03 42.7 
+59 03 48.4 
+58 33 23.3 
+57 42 13.7 
+57 16 15.0 
+57 43 04.2 
+57 48 09.0 
+57 55 26.5 
+57 23 44.3 
+58 13 39.2 
+57 43 41.3 
+57 25 27.6 
+58 32 24.5 
+58 23 02.2 
+58 08 57.3 
+57 29 03.4 
+58 44 45.9 
+57 41 25.0 
+59 04 50.9 
+57 07 14.8 
+58 01 59.0 
+59 00 58.3 
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  0.102 
  0.151 
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 33.024 
  0.055 
  0.504 
  0.111 
  0.075 
  0.066 
  0.081 
  0.066 
  0.145 
  0.697 
  0.092 
  0.071 
  0.212 
  0.804 
  0.444 
  0.113 
  0.066 
  0.118 
  0.129 
  0.077 
  0.613 
  0.299 
  0.257 
  0.075 
  0.053 
  0.074 
  0.152 
  0.094 
  0.101 
  0.678 
  0.157 
  0.098 
  0.069 
  0.060 
  0.113 
  0.162 
  0.081 
  0.374 
  0.162 
  0.089 
  0.145 
  1.532 
  0.399 
  0.366 
  0.115 
  0.079 
  0.073 
  0.114 
  0.122 
  0.072 
  1.520 
  0.148 
  0.077 
  0.072 
  0.120 
  0.351 
  4.284 
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  9.28 
  9.81 
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 11.28 
 10.60 
  9.28 
  9.28 
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10 51 10.34 
10 51 10.53 
10 51 10.54 
10 51 10.57 
10 51 10.65 
10 51 10.76 
10 51 10.78 
10 51 10.81 
10 51 10.83 
10 51 11.12 
10 51 11.21 
10 51 11.25 
10 51 11.33 
10 51 11.43 
10 51 11.63 
10 51 11.76 
10 51 11.99 
10 51 12.38 
10 51 12.50 
10 51 12.57 
10 51 10.51 
10 51 13.27 
10 51 12.63 
+57 10 57.8 
+57 47 51.6 
+58 54 56.6 
+58 16 57.0 
+58 10 57.7 
+57 31 09.9 
+58 34 06.9 
+57 42 04.2 
+58 03 39.4 
+57 26 08.3 
+57 51 08.8 
+58 13 44.4 
+57 11 53.1 
+57 57 49.3 
+58 42 50.7 
+58 29 16.4 
+58 54 21.6 
+58 39 46.8 
+58 23 51.5 
+57 02 05.7 
+56 59 25.3 
+58 06 03.7 
+57 33 46.2 
+58 48 29.4 
+57 31 05.7 
+58 41 04.7 
+58 16 05.0 
+58 45 18.1 
+58 23 16.0 
+57 50 32.8 
+57 46 35.7 
+57 36 46.5 
+58 39 07.0 
+58 47 25.7 
+58 08 18.6 
+56 57 58.3 
+57 43 48.8 
+57 43 49.5 
+57 43 47.2 
+59 22 57.8 
+56 41 51.3 
+58 07 22.1 
+58 50 56.3 
+57 18 35.5 
+57 16 02.1 
+59 04 35.0 
+58 11 17.0 
+58 09 33.9 
+58 01 00.3 
+58 23 10.3 
+57 57 12.4 
+58 18 03.7 
+58 53 41.9 
+58 10 27.3 
+58 13 11.4 
+57 18 14.3 
+58 00 36.7 
+57 56 04.2 
+57 41 54.9 
+57 41 50.5 
+57 41 56.4 
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  0.436 
  0.116 
  0.138 
  0.078 
  0.091 
  0.061 
  0.127 
  0.184 
  0.126 
  0.057 
  0.058 
  0.105 
  0.242 
 12.477 
  0.058 
  0.656 
  0.085 
  0.117 
  0.075 
  0.159 
  0.194 
  0.067 
  0.079 
  0.115 
  0.082 
  0.086 
  0.061 
  0.068 
  0.065 
  0.063 
  0.633 
  0.062 
  0.074 
  0.253 
  0.096 
  0.272 
  0.364 
  0.364 
  0.235 
  1.419 
  3.964 
  0.084 
  0.146 
  0.090 
  0.097 
  0.295 
  0.077 
  3.986 
  0.242 
  0.068 
  0.060 
  0.056 
  0.086 
  0.063 
  0.059 
  0.066 
  0.076 
  0.064 
  0.941 
  0.325 
  0.941 





























































































































  9.69 
  8.95 
  9.32 
  9.35 
 11.65 
  9.54 
 10.93 
  9.66 
 10.10 
 11.19 
  9.49 
  9.76 
 10.46 
  9.82 
 10.72 
  9.52 
  9.24 
  9.75 
  9.00 
 10.18 
  9.36 
  9.61 
  9.96 
  9.74 
  8.89 
  9.03 
 10.50 
  9.13 
 10.27 
 19.15 
  9.36 
  9.63 
 10.83 
  9.37 
 10.03 
  9.33 
 
 11.09 
  9.47 
  9.13 
  9.97 
  9.79 
  9.29 
 10.70 
  9.18 
  9.69 
 10.09 
 11.21 
  9.62 
  9.61 
  9.39 
 10.28 
  9.05 
 10.05 
  9.75 




  9.21 
  9.28 
  9.18 





  7.2 
-26.6 
 -4.0 

































  4.6 
















     
  0.4 
  3.0 
 -4.4 
  3.64 
  0.00 
  6.60 
  0.00 
  7.70 
  9.65 
 24.18 
  3.59 
  5.61 
  7.04 
  0.00 
  4.89 
  5.41 
  4.83 
  6.79 
  3.84 
  0.00 
  0.00 
  0.00 
 14.95 
  7.37 
 10.77 
  9.22 
  0.00 
  0.00 
  6.83 
  8.02 
  8.01 
  8.54 
 17.12 
  3.04 
  0.00 
  6.32 
  0.00 
  9.63 
  0.00 
       
 12.28 
  3.97 
  0.00 
  5.35 
  0.00 
  0.00 
 19.96 
  0.00 
  4.49 
  6.15 
  7.99 
  3.51 
  0.00 
  0.00 
  8.21 
  0.00 
  0.00 
  7.35 
  0.00 
  6.03 
  6.82 
       
  2.59 
  3.15 
  2.41 
  2.93 
  0.00 
  0.07 
  0.00 
  5.54 
  3.01 
 10.93 
  1.29 
  4.46 
  2.87 
  0.00 
  3.31 
  0.00 
  1.03 
  5.53 
  0.00 
  0.00 
  0.00 
  0.00 
  3.04 
  2.34 
  0.00 
  4.08 
  0.00 
  0.00 
  0.00 
  4.84 
  1.48 
  0.00 
 15.75 
  2.52 
  0.00 
  3.50 
  0.00 
  1.38 
  0.00 
       
  5.99 
  2.54 
  0.00 
  3.58 
  0.00 
  0.00 
  3.25 
  0.00 
  2.01 
  4.55 
  2.95 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  3.25 
  0.00 
  3.71 
  3.32 
       
  1.95 
  2.03 
  0.00 
 74.6 
  0.0 
-30.7 













  0.0 
  0.0 





  0.0 
  0.0 
-13.5 
 31.0 




  0.0 
 76.8 
  0.0 
-47.9 
  0.0 
      
 26.3 
-32.0 
  0.0 
-41.8 
  0.0 
  0.0 
 50.6 
  0.0 
-53.8 
  4.3 
 79.2 
-78.4 
  0.0 
  0.0 
 70.4 
  0.0 
  0.0 
-23.6 
  0.0 
-58.6 
-45.5 
      






































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 51 12.72 
10 51 12.80 
10 51 12.88 
10 51 13.31 
10 51 13.43 
10 51 13.45 
10 51 13.67 
10 51 13.79 
10 51 13.79 
10 51 13.96 
10 51 14.09 
10 51 14.11 
10 51 14.22 
10 51 14.36 
10 51 14.46 
10 51 14.65 
10 51 15.13 
10 51 15.13 
10 51 15.16 
10 51 15.32 
10 51 15.71 
10 51 15.92 
10 51 15.97 
10 51 16.05 
10 51 16.17 
10 51 16.20 
10 51 16.25 
10 51 16.28 
10 51 16.55 
10 51 16.23 
10 51 16.97 
10 51 16.61 
10 51 16.78 
10 51 16.81 
10 51 16.83 
10 51 17.50 
10 51 17.66 
10 51 17.69 
10 51 17.76 
10 51 17.85 
10 51 17.90 
10 51 18.08 
10 51 18.08 
10 51 18.29 
10 51 18.73 
10 51 18.99 
10 51 19.52 
10 51 14.98 
10 51 20.85 
10 51 19.55 
10 51 19.82 
10 51 19.92 
10 51 20.02 
10 51 19.69 
10 51 20.15 
10 51 20.18 
10 51 20.33 
10 51 20.76 
10 51 20.86 
10 51 20.88 
10 51 20.99 
10 51 21.13 
+57 58 30.7 
+58 11 14.6 
+57 31 18.2 
+59 13 37.7 
+57 14 26.3 
+57 26 54.2 
+57 53 20.0 
+58 25 44.6 
+58 32 40.6 
+57 48 19.0 
+57 39 57.8 
+58 59 20.7 
+57 51 07.9 
+59 09 20.7 
+58 51 26.5 
+57 32 08.9 
+57 08 53.4 
+57 18 21.6 
+57 21 39.1 
+58 47 27.2 
+57 25 25.7 
+57 20 12.4 
+58 21 42.2 
+58 21 18.2 
+58 35 36.2 
+58 02 12.9 
+58 26 20.0 
+57 41 45.7 
+58 38 29.2 
+58 38 25.0 
+58 38 35.0 
+59 04 50.9 
+57 43 29.1 
+57 47 45.7 
+57 14 24.3 
+58 55 46.3 
+57 16 38.5 
+58 16 04.3 
+57 42 25.5 
+57 19 18.8 
+58 51 46.0 
+57 26 28.2 
+58 58 10.0 
+58 31 42.6 
+58 27 09.0 
+58 04 34.3 
+57 35 37.0 
+57 35 52.4 
+57 35 32.5 
+57 28 01.3 
+56 40 17.9 
+58 30 39.9 
+57 10 00.6 
+57 10 16.1 
+57 09 54.6 
+58 01 52.5 
+57 22 53.3 
+58 09 56.6 
+57 30 37.6 
+58 26 09.5 
+58 07 40.9 
+57 39 45.1 
  0.471 
  0.075 
  0.052 
  2.544 
  0.738 
  0.266 
  0.065 
  0.067 
  0.211 
  0.086 
  0.053 
  0.094 
  0.067 
  0.189 
  0.137 
  0.065 
  0.104 
  0.075 
  0.090 
  0.065 
  0.055 
  0.065 
  0.126 
  0.057 
  0.652 
  0.056 
  0.085 
  0.079 
  0.666 
  0.666 
  0.341 
  0.246 
  0.067 
  0.081 
  0.133 
  0.448 
  0.412 
  0.509 
  0.067 
  0.069 
  0.099 
  0.067 
  0.087 
  0.687 
  0.125 
  0.072 
  7.986 
  2.279 
  7.986 
  0.082 
  6.059 
  0.099 
  0.398 
  0.164 
  0.398 
  0.231 
  0.243 
  0.073 
  0.297 
  0.135 
  2.458 





























































































































  9.46 
  9.81 
 10.14 
  9.10 
  9.38 
  9.46 
  9.60 
 10.18 
 10.27 
  9.26 
 10.30 
  8.68 
 10.84 
 10.35 
  9.71 
 10.45 
  9.79 
  9.33 
 10.88 
  9.28 
  9.21 
  9.13 
  9.91 
 10.77 
  9.80 




  9.59 
  9.96 
  8.88 
  9.58 
 10.07 
 11.36 
  9.37 
  9.78 
  9.39 
  9.63 
 10.88 
 10.16 
  9.53 
  8.17 
  9.35 
  8.53 
 11.29 
 
  9.24 
  9.08 
 10.42 
  9.19 
 10.05 
 
  9.19 
  9.60 
  9.46 
  9.79 
  8.48 
  9.74 
 11.22 
  9.15 
  9.88 
  4.3 
-22.1 
  1.9 







































  9.6 
-10.3 
 41.8 
  6.7 
     
  1.5 
 -1.1 
  5.0 
  5.4 
 15.6 
     
-12.3 
-24.4 
  9.8 
  5.3 




  4.7 
  4.64 
  0.00 
  5.53 
  3.44 
  4.17 
  4.00 
  0.00 
  0.00 
  6.74 
  0.00 
  8.40 
  9.86 
  6.04 
  6.71 
  0.00 
  5.42 
  8.67 
 10.65 
  6.92 
  0.00 
 11.90 
  0.00 
  4.36 
  7.96 
 11.93 
 12.56 
  0.00 
  6.97 
       
  7.46 
 14.47 
  0.00 
  8.35 
  5.69 
  7.81 
  3.26 
  5.92 
  3.45 
  0.00 
  6.68 
  0.00 
  0.00 
  0.00 
  3.38 
  0.00 
  7.03 
       
  2.19 
  1.33 
  5.28 
  0.00 
  0.00 
       
  8.01 
  8.60 
  4.32 
  4.12 
  0.00 
  4.76 
  7.76 
  2.16 
  8.20 
  2.76 
  0.00 
  4.64 
  0.00 
  0.00 
  1.21 
  0.00 
  0.00 
  4.40 
  0.00 
  0.00 
  0.00 
  5.04 
  2.55 
  0.00 
  5.17 
  3.44 
  0.00 
  2.33 
  0.00 
  0.59 
  0.00 
  2.21 
  4.98 
  2.14 
  0.00 
  0.00 
  3.77 
       
  1.96 
  2.85 
  0.00 
  0.00 
  3.32 
  4.99 
  2.27 
  3.15 
  2.55 
  0.00 
  5.52 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  6.31 
       
  1.34 
  0.00 
  2.53 
  0.00 
  0.00 
       
  0.73 
  1.04 
  1.84 
  3.02 
  0.00 
  2.66 
  2.29 
  1.58 
  4.02 
 17.0 





  0.0 
  0.0 
-33.1 










  0.0 
 19.3 





  0.0 
 50.4 
      
 32.7 
 32.5 







  0.0 
 49.3 
  0.0 
  0.0 
  0.0 
-58.7 
  0.0 
 59.3 




  0.0 
  0.0 













































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 51 21.18 
10 51 21.21 
10 51 21.41 
10 51 21.42 
10 51 21.48 
10 51 21.48 
10 51 21.52 
10 51 21.59 
10 51 21.81 
10 51 22.09 
10 51 22.12 
10 51 22.13 
10 51 22.13 
10 51 22.21 
10 51 22.32 
10 51 22.34 
10 51 22.57 
10 51 22.66 
10 51 22.78 
10 51 22.81 
10 51 22.88 
10 51 23.12 
10 51 23.12 
10 51 23.71 
10 51 23.74 
10 51 23.78 
10 51 23.89 
10 51 23.89 
10 51 24.28 
10 51 24.59 
10 51 24.61 
10 51 24.69 
10 51 24.71 
10 51 24.83 
10 51 24.87 
10 51 25.01 
10 51 25.16 
10 51 25.38 
10 51 25.39 
10 51 25.68 
10 51 25.95 
10 51 26.00 
10 51 26.00 
10 51 26.03 
10 51 26.29 
10 51 26.29 
10 51 26.38 
10 51 26.42 
10 51 26.49 
10 51 26.84 
10 51 26.98 
10 51 26.99 
10 51 27.30 
10 51 27.38 
10 51 27.66 
10 51 27.85 
10 51 27.86 
10 51 27.89 
10 51 27.91 
10 51 28.07 
10 51 28.12 
10 51 28.20 
+57 19 37.3 
+58 29 33.4 
+58 26 48.0 
+57 06 03.1 
+58 44 06.2 
+58 46 11.0 
+57 45 47.2 
+57 42 32.8 
+59 02 39.4 
+57 08 55.0 
+57 18 38.0 
+57 57 07.5 
+58 41 36.6 
+58 38 56.7 
+58 54 12.8 
+58 06 56.3 
+58 47 39.0 
+57 48 33.1 
+58 24 52.4 
+58 39 49.5 
+57 32 28.5 
+57 20 44.4 
+57 34 56.1 
+58 59 45.7 
+58 31 01.4 
+58 28 12.1 
+58 05 03.7 
+58 26 26.1 
+58 45 33.1 
+57 41 34.6 
+57 15 20.6 
+58 53 13.1 
+58 26 05.6 
+57 49 53.2 
+57 40 19.6 
+58 12 38.8 
+58 06 27.0 
+59 05 22.9 
+57 25 42.0 
+57 35 44.3 
+58 37 06.0 
+57 02 27.9 
+57 43 08.0 
+58 46 55.6 
+57 45 28.6 
+57 56 44.8 
+57 21 56.2 
+58 01 48.4 
+58 02 33.7 
+58 13 56.7 
+58 26 33.3 
+57 42 36.9 
+58 09 42.5 
+57 50 28.4 
+58 40 54.1 
+58 17 13.1 
+58 22 49.8 
+57 09 01.2 
+58 43 01.8 
+57 35 02.1 
+58 34 56.1 
+57 27 57.9 
  0.109 
  0.093 
 31.191 
  0.110 
  2.978 
  0.061 
  0.729 
  0.129 
  0.169 
 10.045 
  0.091 
  0.074 
  5.204 
  0.141 
  0.089 
  0.098 
  0.085 
  0.137 
  0.089 
  0.275 
  1.361 
  0.069 
  0.058 
  0.312 
  0.162 
  3.764 
  0.300 
  0.087 
  0.148 
  0.131 
  0.069 
  0.254 
  0.070 
  0.113 
  0.087 
  0.070 
  0.064 
  0.241 
  0.071 
  0.557 
  0.113 
  0.134 
  0.077 
  0.663 
  0.063 
  0.063 
  0.168 
  0.105 
  0.131 
  0.078 
  0.075 
  0.221 
  0.069 
  0.061 
  0.064 
  0.156 
  0.073 
  8.277 
  0.217 
  0.369 
  0.325 





























































































































  9.49 
  9.14 
  9.86 
 12.04 
  9.33 
  8.83 
  9.38 
 10.06 
  9.97 
  9.39 
  9.51 
  9.72 
  9.25 
  9.65 




  9.58 
  9.31 
  9.22 
 10.11 
  9.29 
  9.08 
  9.14 
 24.64 
  9.51 
  8.50 
  9.72 
  9.81 
  9.87 
  8.86 
  7.77 
 10.15 
  9.15 
  8.95 
 10.47 
  9.07 
 10.06 
  9.49 
  9.81 
  9.25 
 10.83 
  9.50 
 10.10 
 12.76 
  9.76 
  9.72 
  9.86 
 10.18 
  9.47 
  9.73 




  9.74 
 30.28 
  9.23 
  9.20 
  9.33 
  9.22 
















  7.8 
 12.1 
-16.7 
  3.4 






























  7.9 
  3.0 
-20.3 
  8.9 
-49.4 
 32.2 
  1.0 
 14.0 
  8.4 
  3.6 
 -9.2 
 -9.4 
  0.00 
  7.89 
 10.69 
  9.22 
  3.01 
  0.00 
  2.65 
  4.66 
  0.00 
  2.86 
  0.00 
  0.00 
  2.36 
  6.93 
  6.92 
  6.13 
  5.53 
  6.86 
  7.67 
  4.34 
  2.02 
  0.00 
  0.00 
 11.50 
  0.00 
 52.91 
  3.38 
  0.00 
  4.25 
  6.24 
  0.00 
  0.00 
  0.00 
  4.94 
  6.74 
  0.00 
  8.10 
  0.00 
 12.51 
  3.07 
  5.25 
  0.00 
  7.48 
  4.10 
  0.00 
 13.09 
  6.23 
  8.61 
  5.24 
  6.33 
  0.00 
  4.15 
  0.00 
  6.35 
  8.97 
 29.40 
  0.00 
 42.26 
  0.00 
  0.00 
  4.21 
 11.26 
  0.00 
  1.21 
  1.72 
  5.19 
  0.00 
  0.00 
  1.48 
  4.10 
  0.00 
  1.09 
  0.00 
  0.00 
  1.86 
  2.64 
  2.38 
  0.00 
  4.06 
  4.66 
  2.26 
  2.26 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
 22.94 
  3.04 
  0.00 
  2.58 
  1.32 
  0.00 
  0.00 
  0.00 
  2.07 
  0.30 
  0.00 
  5.20 
  0.00 
  4.29 
  0.00 
  2.43 
  0.00 
  2.87 
  1.17 
  0.00 
  6.73 
  0.00 
  2.96 
  3.77 
  3.23 
  0.00 
  3.52 
  0.00 
  4.42 
  4.02 
 12.31 
  0.00 
 28.87 
  0.00 
  0.00 
  1.37 
  1.61 





  0.0 
-85.6 
-58.4 
  0.0 
-69.3 
  0.0 










  0.0 
  0.0 
-19.9 
  0.0 
 -0.7 
-18.1 
  0.0 
 54.7 
-49.5 
  0.0 
  0.0 
  0.0 
-75.1 
-20.3 
  0.0 
-16.5 




  0.0 
-69.5 
 51.1 






  0.0 
 32.9 




  0.0 
 14.6 
  0.0 






































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 51 28.26 
10 51 28.46 
10 51 28.55 
10 51 28.87 
10 51 28.94 
10 51 29.26 
10 51 29.31 
10 51 29.36 
10 51 27.46 
10 51 29.36 
10 51 32.96 
10 51 29.53 
10 51 29.55 
10 51 29.74 
10 51 30.12 
10 51 30.26 
10 51 30.31 
10 51 30.31 
10 51 30.37 
10 51 30.46 
10 51 30.46 
10 51 29.82 
10 51 30.99 
10 51 30.64 
10 51 30.73 
10 51 30.82 
10 51 30.93 
10 51 31.00 
10 51 31.15 
10 51 30.89 
10 51 31.27 
10 51 31.38 
10 51 31.48 
10 51 31.50 
10 51 31.56 
10 51 31.60 
10 51 31.77 
10 51 31.21 
10 51 35.44 
10 51 32.16 
10 51 32.20 
10 51 32.36 
10 51 32.58 
10 51 32.59 
10 51 33.01 
10 51 33.06 
10 51 33.10 
10 51 33.29 
10 51 33.30 
10 51 33.31 
10 51 33.41 
10 51 33.44 
10 51 33.53 
10 51 33.55 
10 51 33.62 
10 51 33.79 
10 51 33.79 
10 51 33.86 
10 51 33.98 
10 51 34.10 
10 51 34.12 
10 51 34.16 
+57 34 15.0 
+57 27 38.0 
+57 39 20.8 
+57 28 53.8 
+58 25 32.1 
+58 04 35.7 
+58 31 33.7 
+57 11 48.2 
+57 12 17.0 
+57 11 48.2 
+57 11 08.5 
+58 53 25.8 
+58 32 03.5 
+57 36 49.7 
+58 12 26.6 
+58 05 48.4 
+58 33 24.0 
+58 40 42.3 
+56 48 02.4 
+57 38 09.3 
+58 02 17.1 
+58 02 19.3 
+58 02 15.3 
+57 39 56.6 
+57 48 33.2 
+57 44 08.0 
+57 41 18.7 
+58 50 26.4 
+58 54 27.3 
+58 54 14.7 
+58 54 33.4 
+59 13 17.9 
+57 39 06.0 
+58 09 26.6 
+57 52 00.1 
+58 55 46.8 
+58 49 51.2 
+58 49 46.9 
+58 50 19.0 
+57 56 40.8 
+58 09 57.9 
+59 13 53.6 
+58 46 24.4 
+56 51 04.4 
+58 04 40.7 
+57 14 59.0 
+57 01 38.4 
+58 22 17.7 
+57 13 08.3 
+58 32 45.9 
+58 12 22.6 
+58 52 36.6 
+58 40 37.7 
+58 07 09.4 
+58 52 07.5 
+57 58 26.9 
+57 59 29.3 
+58 46 00.1 
+57 37 28.9 
+58 38 38.9 
+59 00 43.0 
+59 13 16.5 
  0.067 
  0.064 
  0.091 
  0.072 
  0.079 
  0.064 
  0.101 
  4.236 
  0.696 
  0.090 
  4.236 
  0.099 
  0.135 
  0.090 
  0.096 
  0.060 
  0.089 
  0.072 
  5.013 
  0.213 
  0.092 
  0.084 
  0.092 
  0.076 
  0.091 
  0.686 
  0.145 
  0.111 
  0.276 
  0.127 
  0.276 
  0.396 
  0.146 
  0.069 
  0.190 
  0.087 
 14.446 
 14.446 
  2.162 
  0.073 
  0.124 
  0.621 
  0.297 
  0.995 
  0.067 
  0.077 
  0.141 
  0.055 
  0.117 
  0.097 
  0.256 
  0.112 
  0.115 
  0.083 
  0.215 
  0.085 
  0.087 
  0.132 
  0.089 
  0.147 
  0.097 






























































































































  9.00 
  9.65 
 11.05 
 10.42 




  8.84 
 30.42 
  9.07 
  9.61 
  9.30 
  9.00 
  9.19 
  9.16 
  9.35 
  9.56 





  8.88 
 10.52 
  9.52 
  9.00 
 
  9.12 
  9.25 
  9.75 
 10.11 
  9.35 
  9.26 
  9.58 
 
  9.10 
  9.29 
 11.03 
  9.52 
 10.27 
  9.31 
 12.41 
 10.96 
  8.81 
 10.57 
  9.94 
 10.73 
  9.31 
  9.93 
  9.16 
  9.00 
 10.39 
  8.87 
  9.11 
  9.29 
  9.00 
  9.49 
  9.95 

















  3.8 
















  0.9 
 10.3 
  1.3 
-42.6 
     
  1.3 




  8.7 
-86.0 
-70.7 















  3.8 
 -8.8 
  9.08 
  0.00 
  5.98 
  7.26 
  9.87 
  9.23 
  5.64 




  0.00 
  0.00 
  6.37 
  0.00 
  0.00 
  0.00 
  0.00 
  4.00 
  5.51 
       
 10.33 
 13.60 
  6.41 
  0.00 
  8.89 
  7.30 
  0.00 
       
  0.00 
  0.00 
 10.00 
  4.61 
  8.29 
  0.00 
  0.00 
       
  2.18 
  2.34 
  8.11 
  6.14 
  6.27 
  4.16 
 19.74 
 19.07 
  0.00 
  8.01 
  7.00 
  6.38 
  6.69 
  4.51 
  0.00 
  0.00 
  7.68 
  0.00 
 14.36 
 12.74 
  0.00 
  7.21 
  4.42 
  0.00 
  0.00 
  6.37 
  0.00 
  3.02 
  6.25 
  5.03 
  2.24 
  0.00 
       
 10.57 
  0.00 
 28.78 
  0.00 
  0.00 
  2.27 
  0.00 
  0.00 
  0.00 
  0.00 
  1.05 
  2.44 
       
  4.76 
  3.43 
  2.44 
  0.00 
  2.56 
  3.09 
  0.00 
       
  0.00 
  0.00 
  0.00 
  3.98 
  2.09 
  0.00 
  0.00 
       
  1.23 
  2.07 
  6.23 
  2.17 
  0.00 
  1.38 
  5.76 
  1.75 
  0.00 
  4.15 
  3.77 
  3.75 
  1.96 
  2.92 
  0.00 
  0.00 
  4.31 
  0.00 
  0.00 
  2.03 
  0.00 
  1.56 
  2.73 
  0.00 
  0.00 
-81.0 










  0.0 
  0.0 
 -7.7 
  0.0 
  0.0 
  0.0 
  0.0 
-57.5 
 -4.5 




  0.0 
 57.6 
 -3.3 
  0.0 
      
  0.0 




  0.0 
  0.0 















  0.0 
  0.0 
 37.7 
  0.0 
 32.8 
-11.1 
  0.0 
 31.8 
-72.4 
  0.0 




































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 51 34.22 
10 51 34.44 
10 51 34.65 
10 51 34.65 
10 51 34.78 
10 51 34.84 
10 51 34.96 
10 51 35.07 
10 51 35.13 
10 51 35.60 
10 51 35.78 
10 51 35.96 
10 51 36.04 
10 51 36.10 
10 51 36.10 
10 51 36.24 
10 51 36.33 
10 51 36.33 
10 51 36.37 
10 51 36.82 
10 51 32.65 
10 51 41.23 
10 51 36.83 
10 51 36.84 
10 51 36.86 
10 51 36.89 
10 51 36.92 
10 51 36.16 
10 51 37.01 
10 51 36.98 
10 51 37.03 
10 51 37.20 
10 51 37.25 
10 51 37.26 
10 51 37.54 
10 51 37.65 
10 51 37.65 
10 51 37.66 
10 51 37.71 
10 51 37.84 
10 51 38.00 
10 51 38.01 
10 51 38.07 
10 51 38.11 
10 51 38.37 
10 51 38.44 
10 51 38.44 
10 51 38.64 
10 51 38.88 
10 51 38.95 
10 51 39.01 
10 51 38.92 
10 51 39.10 
10 51 39.16 
10 51 39.20 
10 51 39.35 
10 51 39.47 
10 51 39.61 
10 51 40.06 
10 51 40.07 
10 51 40.23 
10 51 40.33 
+57 09 23.0 
+57 32 16.2 
+57 34 00.3 
+57 41 53.6 
+58 11 05.4 
+58 59 43.6 
+58 03 42.9 
+58 49 14.2 
+57 53 13.0 
+57 27 39.3 
+58 10 16.1 
+58 08 31.4 
+57 49 24.4 
+57 37 26.0 
+58 59 56.0 
+57 33 02.0 
+57 01 30.0 
+58 22 12.4 
+57 51 56.6 
+59 20 03.1 
+59 20 22.6 
+59 19 52.0 
+57 32 04.0 
+59 13 15.4 
+58 12 50.1 
+59 11 32.1 
+57 29 43.0 
+57 29 59.9 
+57 29 41.0 
+57 37 51.6 
+58 05 31.6 
+58 30 21.0 
+59 01 14.8 
+58 36 26.7 
+57 56 18.1 
+56 45 22.3 
+58 04 01.9 
+58 10 22.5 
+57 44 54.0 
+58 07 21.2 
+58 45 39.1 
+57 56 59.1 
+58 00 31.6 
+57 49 56.8 
+58 23 10.2 
+57 03 22.3 
+58 24 46.8 
+58 46 36.4 
+58 01 53.5 
+56 39 07.2 
+58 07 55.5 
+58 07 48.1 
+58 08 02.3 
+57 46 10.2 
+57 30 45.8 
+57 55 07.8 
+57 17 58.2 
+58 56 40.6 
+58 48 20.7 
+58 22 32.8 
+56 41 47.4 
+59 24 41.5 
  0.339 
  0.082 
  0.102 
  0.080 
  3.010 
  0.096 
  0.068 
  0.198 
  0.084 
  0.162 
  0.078 
  0.349 
  0.070 
  0.072 
  0.127 
  0.535 
  0.766 
  0.122 
  0.065 
  3.346 
  2.373 
  3.346 
  0.082 
  0.728 
  0.183 
  0.260 
  2.364 
  0.286 
  2.364 
  0.452 
  0.135 
  1.982 
  0.185 
  0.117 
  0.061 
  1.033 
  0.156 
  0.069 
  0.792 
  1.058 
  0.060 
  0.104 
  0.064 
  2.428 
  0.070 
  0.164 
  0.061 
  0.064 
  0.077 
  1.951 
 11.037 
  8.968 
 11.037 
  0.222 
  0.432 
  0.066 
  0.080 
  0.155 
  0.501 
  0.108 






























































































































  9.47 
 10.01 
 10.65 
  9.00 
  9.65 
  9.65 
 10.40 




  9.83 
 10.70 
  9.98 
  8.80 
  9.36 
 10.86 
  9.35 





  9.40 
  9.31 
 10.05 
 
  9.11 
  9.34 
  9.88 
  9.41 
  9.20 
  9.09 
 10.64 
  9.68 
  8.63 
  9.85 
  8.73 
  9.71 
  9.48 
  9.62 
  9.00 
  9.85 
  9.23 
 10.31 
  9.50 
 10.58 
  9.81 
 11.61 




  9.20 
  9.51 
 10.74 
  9.78 
  9.53 
  9.09 
  9.00 















  0.1 
 10.0 











     
-80.3 
  0.0 
 25.5 
  1.8 
 -0.3 
-14.7 
  6.1 
  5.9 












  8.2 
-62.6 
 13.0 












  0.00 
  0.00 
  7.68 
  0.00 
 29.38 
  0.00 
  8.62 
  0.00 
  9.11 
  7.46 
  4.89 
  6.13 
  8.26 
  7.83 
  0.00 
  2.77 
  6.34 
 11.22 
  0.00 
       
 21.49 
 13.88 
  6.73 
  0.00 
  0.00 
  7.76 
       
  7.00 
  2.50 
  6.06 
  4.81 
  2.59 
  0.00 
  7.21 
  9.02 
  0.00 
  4.05 
  0.00 
  5.87 
  6.60 
  0.00 
  0.00 
 10.34 
  2.17 
  6.76 
  0.00 
  7.32 
  0.00 
  8.63 
  0.00 
       
 12.01 
  9.09 
  0.00 
  7.33 
  7.19 
  0.00 
  6.55 
  0.00 
  0.00 
  0.00 
 11.74 
  0.00 
  0.00 
  1.93 
  0.00 
  2.71 
  0.00 
  0.00 
  0.00 
  4.76 
  3.82 
  4.05 
  3.65 
  3.27 
  4.31 
  0.00 
  0.00 
  4.16 
  2.47 
  0.00 
       
 20.50 
  6.51 
  1.51 
  0.00 
  0.00 
  0.00 
       
  0.00 
  2.11 
  0.66 
  2.72 
  1.90 
  0.00 
  5.56 
  3.47 
  0.00 
  2.52 
  0.00 
  3.02 
  0.00 
  0.00 
  0.00 
  2.06 
  1.99 
  2.24 
  0.00 
  4.77 
  0.00 
  4.14 
  0.00 
       
  5.04 
  5.75 
  0.00 
  2.99 
  1.79 
  0.00 
  1.48 
  0.00 
  0.00 
  0.00 
  3.88 
  0.0 
  0.0 
 68.4 
  0.0 
 20.7 
  0.0 
-69.0 






  0.2 




  0.0 




  0.0 
  0.0 
-58.0 




  6.4 
 -4.2 
  0.0 
 17.9 
  9.3 
  0.0 
-80.7 
  0.0 
 30.0 
-87.3 
  0.0 




  0.0 
 40.1 
  0.0 
-80.0 
  0.0 
      
-32.1 
 34.1 
  0.0 
  8.7 
-73.6 
  0.0 
-35.8 
  0.0 
  0.0 





































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 51 40.55 
10 51 40.58 
10 51 40.85 
10 51 40.98 
10 51 41.09 
10 51 41.12 
10 51 41.12 
10 51 41.14 
10 51 40.17 
10 51 42.07 
10 51 41.45 
10 51 41.45 
10 51 41.45 
10 51 41.50 
10 51 41.58 
10 51 41.71 
10 51 41.75 
10 51 41.81 
10 51 41.86 
10 51 41.89 
10 51 41.95 
10 51 42.05 
10 51 42.11 
10 51 42.15 
10 51 42.27 
10 51 42.36 
10 51 42.39 
10 51 42.50 
10 51 42.62 
10 51 42.94 
10 51 42.98 
10 51 43.10 
10 51 43.19 
10 51 43.42 
10 51 43.47 
10 51 43.55 
10 51 43.60 
10 51 43.62 
10 51 43.65 
10 51 43.68 
10 51 43.73 
10 51 43.87 
10 51 44.21 
10 51 44.36 
10 51 44.44 
10 51 44.48 
10 51 44.49 
10 51 44.52 
10 51 44.54 
10 51 44.55 
10 51 45.24 
10 51 45.45 
10 51 45.62 
10 51 45.83 
10 51 45.84 
10 51 45.92 
10 51 45.93 
10 51 45.94 
10 51 46.16 
10 51 46.18 
10 51 46.29 
10 51 46.36 
+58 33 01.4 
+57 40 53.9 
+57 41 29.9 
+58 15 59.6 
+57 51 40.3 
+57 31 33.7 
+57 43 18.5 
+59 13 04.6 
+59 13 03.8 
+59 13 05.5 
+57 19 51.7 
+58 01 31.2 
+58 45 42.6 
+57 49 02.4 
+57 46 01.9 
+57 53 13.3 
+57 44 42.5 
+58 25 07.8 
+57 22 20.3 
+57 51 08.6 
+57 36 01.4 
+57 34 47.7 
+57 15 02.5 
+57 45 36.1 
+58 32 26.1 
+57 09 24.4 
+59 12 33.9 
+59 13 35.4 
+57 37 15.1 
+58 36 44.1 
+58 06 16.4 
+58 44 48.7 
+57 21 22.9 
+58 32 46.1 
+58 41 22.5 
+57 02 53.3 
+58 38 37.0 
+57 38 57.8 
+58 53 25.4 
+57 29 36.8 
+56 59 45.8 
+57 48 37.4 
+58 03 53.5 
+57 22 05.3 
+58 08 13.2 
+57 19 56.1 
+58 45 12.2 
+57 48 59.5 
+57 17 19.1 
+58 09 26.5 
+58 21 56.9 
+57 59 44.6 
+58 05 01.3 
+58 42 14.0 
+59 12 59.9 
+57 34 01.1 
+58 51 27.2 
+57 41 40.4 
+57 39 08.1 
+58 12 35.5 
+58 46 08.4 
+57 22 37.8 
  0.060 
  0.069 
  0.056 
  0.248 
  0.094 
  0.059 




  0.320 
  0.106 
  0.154 
  0.086 
  0.054 
  0.146 
  0.069 
  0.254 
  0.067 
  0.179 
  3.317 
  0.762 
  0.171 
  0.054 
  0.068 
  0.117 
  0.698 
  0.766 
  0.138 
  0.128 
  0.068 
  0.088 
  0.087 
  0.097 
  0.369 
  0.195 
  0.152 
  0.113 
  0.092 
  0.396 
  0.156 
  0.066 
  0.089 
  0.090 
  0.089 
  0.099 
  0.070 
  0.071 
  0.177 
  0.088 
  0.109 
  0.063 
  0.095 
  0.072 
  0.610 
  0.102 
  0.316 
  0.063 
  0.066 
  0.058 
  0.670 






























































































































  9.50 
  9.66 
  9.31 
 10.54 





  9.51 
  9.89 
  9.48 
 10.24 
  9.69 
 34.52 
 11.14 
  9.53 
  9.76 
 10.39 
  9.32 
  9.41 
  9.59 
  8.50 
  9.92 
  9.12 
 13.61 
 17.80 
  9.76 
  9.88 
 11.21 
  9.92 
 10.69 
  9.00 
  9.22 
  9.37 
  9.91 
 10.11 
  9.71 
  9.76 
 10.38 
  9.68 
 10.78 
  9.34 
  9.00 
  9.63 
  9.27 
  9.55 
  9.09 
  9.34 
  9.60 
  8.69 
 10.01 
  9.67 
  8.84 
 10.20 
  9.24 
 10.34 
  9.53 
  8.85 
  9.62 




  0.0 
-42.1 
  6.2 
  7.3 
     
  9.0 
  4.7 
 10.7 











  8.5 
-67.1 










  5.5 
 -1.8 
  5.7 
-34.8 
-51.4 















  4.7 




  8.8 
 21.3 
-50.6 
  7.56 
  0.00 
 10.47 
  2.59 
  8.52 
  0.00 
  4.88 
       
  5.08 
  4.74 
  3.78 
  6.02 
  7.17 
  8.82 
  0.00 
 33.40 
  6.80 
  5.11 
  7.23 
 13.33 
 10.95 
  4.34 
  0.00 
  0.00 
  0.00 
  0.00 
 34.20 
 43.05 
  4.73 
  6.15 
  7.71 
  0.00 
  6.16 
  0.00 
  2.84 
  0.00 
  5.43 
  0.00 
  0.00 
  6.63 
  0.00 
  0.00 
  6.30 
  0.00 
  0.00 
 10.55 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  4.83 
 12.83 
  0.00 
  4.93 
  5.71 
  0.00 
 26.86 
  0.00 
 15.56 
  0.00 
  5.43 
  0.00 
  0.00 
  2.38 
  2.36 
  0.00 
  3.61 
       
  3.16 
  2.46 
  0.00 
  3.98 
  2.83 
  1.40 
  0.00 
 33.15 
  5.44 
  3.01 
  3.15 
  3.22 
  2.30 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  8.18 
 14.04 
  0.00 
  2.58 
  2.87 
  0.00 
  2.98 
  0.00 
  0.60 
  0.00 
  3.95 
  0.00 
  0.00 
  3.63 
  0.00 
  0.00 
  4.01 
  0.00 
  0.00 
  3.22 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  4.35 
  2.43 
  0.00 
  3.50 
  1.43 
  0.00 
  0.00 
  0.00 
  2.34 
  0.00 
-56.1 
  0.0 
 41.7 
  0.0 
-60.3 
  0.0 
 62.7 















  0.0 
  0.0 
  0.0 






  0.0 
 75.5 
  0.0 
 46.2 
  0.0 
 23.0 
  0.0 
  0.0 
 14.5 
  0.0 
  0.0 
 71.6 
  0.0 
  0.0 
-12.5 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
-15.8 
 26.6 
  0.0 
 73.8 
-21.2 
  0.0 
 60.9 
  0.0 
 24.6 




































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 











   6 






















































































































































































10 51 46.60 
10 51 46.76 
10 51 46.79 
10 51 46.97 
10 51 47.15 
10 51 47.44 
10 51 47.47 
10 51 47.70 
10 51 47.78 
10 51 48.01 
10 51 48.03 
10 51 48.03 
10 51 48.08 
10 51 48.11 
10 51 48.16 
10 51 48.21 
10 51 48.53 
10 51 48.54 
10 51 48.57 
10 51 48.80 
10 51 49.14 
10 51 49.16 
10 51 49.21 
10 51 49.24 
10 51 49.65 
10 51 49.67 
10 51 49.74 
10 51 49.89 
10 51 49.92 
10 51 49.98 
10 51 50.01 
10 51 50.20 
10 51 50.33 
10 51 50.35 
10 51 50.47 
10 51 44.23 
10 51 48.77 
10 51 50.47 
10 51 55.67 
10 51 50.58 
10 51 50.61 
10 51 50.64 
10 51 49.97 
10 51 51.71 
10 51 51.11 
10 51 51.18 
10 51 51.46 
10 51 51.52 
10 51 51.61 
10 51 51.82 
10 51 51.99 
10 51 52.00 
10 51 52.11 
10 51 52.26 
10 51 52.26 
10 51 52.35 
10 51 52.40 
10 51 52.53 
10 51 52.90 
10 51 53.04 
10 51 53.16 
10 51 53.38 
+57 52 11.4 
+57 20 29.0 
+58 59 33.7 
+56 38 30.7 
+56 47 36.3 
+57 14 41.2 
+58 11 19.7 
+58 19 24.3 
+58 16 08.3 
+58 24 36.6 
+57 19 13.5 
+58 31 10.9 
+58 00 46.0 
+58 49 46.1 
+57 16 29.4 
+57 38 04.7 
+58 10 02.2 
+59 05 09.6 
+57 53 34.2 
+57 41 19.9 
+58 05 41.5 
+58 35 12.7 
+58 23 13.5 
+57 52 02.0 
+57 47 37.9 
+57 13 19.4 
+58 57 43.4 
+58 06 15.0 
+57 25 21.4 
+57 41 47.3 
+58 13 10.9 
+58 20 27.9 
+58 15 36.0 
+58 30 36.8 
+57 32 44.3 
+57 33 13.9 
+57 32 48.4 
+57 32 44.3 
+57 32 06.8 
+58 56 51.9 
+57 39 05.6 
+57 26 35.0 
+57 26 35.4 
+57 26 34.4 
+58 36 49.3 
+58 08 03.1 
+58 16 44.4 
+58 21 54.2 
+57 57 26.8 
+57 09 08.5 
+57 37 33.1 
+58 30 18.1 
+58 41 23.4 
+57 24 48.7 
+58 04 27.1 
+57 47 00.1 
+57 09 50.5 
+58 35 39.0 
+57 04 04.7 
+57 41 10.2 
+57 50 17.3 
+57 17 30.7 
  0.662 
  0.061 
  0.120 
  2.140 
  4.927 
  0.107 
  0.058 
  0.076 
  0.069 
  0.073 
  0.072 
  0.076 
  0.075 
  0.101 
  0.068 
  0.105 
  0.115 
  0.186 
  1.145 
  0.113 
  1.239 
  0.092 
  0.059 
  0.063 
  0.092 
  0.087 
  0.111 
  0.096 
  0.088 
  0.062 
  0.058 
  0.232 
  0.057 
  0.080 
  9.123 
  9.123 
  0.817 
  0.135 
  1.404 
  0.156 
  0.092 
  0.201 
  0.201 
  0.114 
  0.110 
  0.077 
  1.403 
  0.472 
  0.209 
  0.167 
  0.058 
  0.129 
  0.089 
  0.062 
  0.099 
  0.067 
  2.801 
  1.024 
  0.118 
  0.109 
  0.091 





























































































































  9.37 
  9.47 
  8.86 
  8.89 
  9.20 
 10.00 
 10.00 
  9.94 
  9.87 
 10.16 
  9.61 
 10.13 
  9.98 
  9.84 
 10.04 
  9.84 
 10.34 
  8.59 
  9.24 
 12.23 
  9.22 
 10.47 
 10.18 
  9.48 
  9.00 
  9.55 
  9.89 
  9.24 
  9.00 
 10.56 
  8.93 
  9.13 





  9.00 
 10.87 





  9.68 
  9.11 
  9.17 
 11.25 
  9.70 
  9.22 
 10.45 
  9.67 
  9.17 
  9.32 
  9.92 
  8.98 
  9.18 
  9.30 
  9.39 
  9.88 
 11.25 
  9.55 






























  0.2 
  4.6 
 16.3 
 34.1 
     
-14.7 
 -8.8 












  9.2 
 26.4 
  7.2 
-11.3 
  8.6 
 13.1 
 13.5 





  5.3 
  2.61 
  0.00 
  0.00 
  0.00 
  0.00 
  8.43 
  0.00 
  6.98 
 10.78 
  6.33 
  0.00 
  6.90 
  9.66 
  5.38 
  0.00 
  8.30 
 19.14 
  0.00 
  2.64 
 16.06 
  5.54 
  5.78 
  0.00 
  8.92 
  0.00 
  0.00 
  0.00 
  8.67 
  0.00 
 10.12 
  0.00 
  4.10 
  0.00 
  7.50 
       
  6.08 
  4.61 
  0.00 
 20.41 
  0.00 
  6.06 
       
  8.01 
 10.57 
  7.09 
  0.00 
  2.02 
 12.17 
 10.01 
  0.00 
  0.00 
  4.26 
  8.95 
  0.00 
  6.71 
  0.00 
  2.27 
  2.43 
  0.00 
  5.32 
  7.01 
  4.93 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  2.55 
  0.00 
  0.00 
  4.05 
  0.64 
  0.00 
  4.11 
  2.98 
  3.84 
  0.00 
  3.69 
  0.00 
  0.00 
  1.35 
  5.40 
  1.90 
  2.54 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  1.20 
  0.00 
  2.95 
  0.00 
  1.19 
  0.00 
  2.67 
       
  3.64 
  2.59 
  0.00 
  3.87 
  0.00 
  3.00 
       
  1.20 
  0.00 
  2.81 
  0.00 
  1.10 
  5.70 
  0.00 
  0.00 
  0.00 
  2.82 
  0.89 
  0.00 
  3.57 
  0.00 
  1.61 
  0.00 
  0.00 
  2.98 
  5.63 
  2.99 
 87.6 
  0.0 
  0.0 
  0.0 
  0.0 
-41.9 








  0.0 
 17.7 
-63.1 





  0.0 
-40.8 
  0.0 
  0.0 
  0.0 
-19.4 
  0.0 
 53.8 
  0.0 
 16.8 
  0.0 
 58.6 
      
-76.8 
-70.8 
  0.0 
-49.6 
  0.0 
 60.0 








  0.0 
  0.0 
 45.7 
-16.9 
  0.0 
 29.7 
  0.0 
 32.2 
-78.4 







































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 51 53.40 
10 51 53.77 
10 51 53.83 
10 51 53.97 
10 51 54.04 
10 51 54.07 
10 51 54.29 
10 51 54.32 
10 51 54.33 
10 51 54.69 
10 51 54.90 
10 51 54.92 
10 51 54.97 
10 51 55.18 
10 51 55.33 
10 51 55.54 
10 51 55.58 
10 51 55.65 
10 51 55.67 
10 51 55.96 
10 51 56.00 
10 51 56.09 
10 51 56.10 
10 51 56.13 
10 51 56.60 
10 51 56.99 
10 51 57.02 
10 51 57.30 
10 51 57.57 
10 51 57.60 
10 51 57.79 
10 51 57.89 
10 51 58.00 
10 51 58.17 
10 51 58.18 
10 51 58.34 
10 51 58.39 
10 51 58.40 
10 51 58.46 
10 51 58.48 
10 51 58.93 
10 51 59.21 
10 51 59.32 
10 51 59.41 
10 52 00.00 
10 51 59.30 
10 52 01.45 
10 52 03.57 
10 52 00.02 
10 52 00.07 
10 52 00.09 
10 52 00.15 
10 52 00.15 
10 52 00.40 
10 52 00.43 
10 52 00.51 
10 52 00.60 
10 52 00.84 
10 52 00.91 
10 52 01.06 
10 52 01.20 
10 52 01.31 
+58 33 40.0 
+57 13 29.0 
+58 02 22.9 
+57 35 55.0 
+57 23 31.3 
+57 27 52.7 
+57 57 36.3 
+58 01 53.9 
+58 40 28.9 
+58 49 04.5 
+58 13 20.3 
+58 10 14.6 
+58 01 31.6 
+57 04 08.4 
+58 47 24.6 
+57 23 13.0 
+58 43 11.7 
+58 03 56.5 
+58 31 55.4 
+58 24 51.3 
+57 06 12.8 
+56 55 54.2 
+58 42 30.3 
+58 25 34.8 
+58 17 54.8 
+58 10 12.3 
+57 40 57.5 
+57 49 42.8 
+58 21 42.7 
+56 47 22.1 
+58 48 22.6 
+57 59 43.9 
+57 17 58.7 
+57 26 01.3 
+58 41 04.3 
+57 59 00.7 
+57 45 11.7 
+57 09 12.9 
+59 06 51.8 
+57 01 39.2 
+57 23 29.8 
+58 20 58.4 
+58 16 57.2 
+57 48 22.4 
+57 00 04.3 
+57 00 15.7 
+56 59 46.4 
+56 59 28.0 
+57 18 03.5 
+56 47 53.5 
+58 55 31.9 
+57 24 20.8 
+58 53 51.7 
+57 35 57.5 
+59 19 33.6 
+57 39 40.8 
+58 14 56.9 
+58 49 29.2 
+58 03 04.8 
+57 55 37.5 
+57 24 44.8 
+57 07 17.4 
  0.077 
  0.130 
  0.176 
  0.104 
  0.079 
  0.061 
  0.222 
  0.118 
  0.111 
  0.070 
  0.304 
  0.075 
  0.066 
  0.107 
  0.067 
  0.094 
  0.077 
  0.092 
  0.065 
  0.178 
  0.118 
  0.287 
  0.570 
  0.142 
  0.153 
  0.065 
  0.084 
  0.646 
  0.070 
  0.477 
  0.076 
  0.070 
  0.092 
  0.072 
  0.059 
  0.401 
  0.100 
  0.170 
  0.986 
  0.120 
  0.193 
  0.109 
  0.070 
  0.061 
  1.049 
  1.049 
  0.459 
  0.272 
  0.101 
  0.470 
  0.155 
  0.083 
  0.157 
  0.060 
  1.301 
  0.092 
  0.140 
  0.102 
  0.059 
  0.069 
  0.082 





























































































































  6.50 




  9.63 
  9.58 
  9.00 
 10.29 
  9.29 
 10.54 
 10.06 
  9.26 
  9.86 
  9.06 
  9.88 
  9.39 
  9.47 
 10.99 
  9.53 
  8.80 
  9.64 
  9.42 
  9.75 
 10.45 
 10.80 
  9.00 
  9.21 
 11.35 
  9.69 
  9.38 
  9.94 
  9.93 
  8.96 
  9.56 
  9.08 
  9.90 
  9.62 
  9.13 
 10.05 
  9.74 
  9.18 
  9.23 




  9.93 
 10.68 
  9.95 
  9.42 
 10.17 
 10.11 
  9.14 
  9.66 
  9.55 




  9.28 
 10.24 
  0.0 
 -4.6 
-14.4 
















  2.7 
-20.4 
  0.9 
-11.3 








  3.4 






  2.0 
 25.3 
  6.2 
 -2.3 
  0.3 
-16.1 
















  0.8 
 28.9 
 12.96 
  0.00 
  5.98 
  7.83 
  8.25 
  0.00 
  6.27 
  0.00 
  5.00 
  0.00 
  8.65 
  9.55 
  8.64 
  0.00 
  0.00 
  0.00 
 12.97 
  0.00 
  9.72 
  3.36 
 23.78 
  0.00 
  3.71 
  3.95 
  5.41 
  9.11 
  0.00 
  2.59 
  8.94 
  7.83 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  5.51 
  7.46 
  6.04 
  0.00 
  0.00 
  0.00 
       
 22.34 
 20.72 
  5.55 
  6.33 
  0.00 
  0.00 
  5.49 
  4.96 
  8.50 
  0.00 
  7.90 
  0.00 
  8.80 
  8.11 
 12.30 
  6.15 
  0.00 
  0.00 
  0.00 
  3.67 
  4.80 
  1.43 
  0.00 
  3.04 
  0.00 
  2.98 
  0.00 
  0.00 
  3.54 
  0.00 
  0.00 
  0.00 
  0.00 
  0.34 
  0.00 
  4.18 
  2.73 
  0.00 
  0.00 
  0.00 
  3.12 
  4.14 
  0.00 
  0.00 
  1.96 
  2.85 
  3.58 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  1.50 
  2.67 
  3.55 
  0.00 
  0.00 
  0.00 
       
  5.21 
  4.48 
  3.36 
  3.35 
  0.00 
  0.00 
  4.49 
  2.36 
  0.00 
  0.00 
  3.01 
  0.00 
  2.63 
  3.12 
  4.32 
  2.26 
  0.00 
  0.0 
  0.0 
-44.1 
  2.0 
-81.0 
  0.0 
-17.1 
  0.0 
-86.4 




  0.0 
  0.0 
  0.0 
 27.3 









  0.0 
  1.5 
-86.7 
 -3.8 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  4.8 
 45.1 
 16.7 
  0.0 
  0.0 
  0.0 





  0.0 




  0.0 
-12.8 




  1.8 




































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 52 01.56 
10 52 01.68 
10 52 01.78 
10 52 01.99 
10 52 02.05 
10 52 02.25 
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10 52 02.56 
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10 52 18.25 
10 52 18.42 
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10 52 18.65 
10 52 18.82 
10 52 18.97 
10 52 19.00 
10 52 19.22 
10 52 19.31 
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10 52 19.76 
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10 52 20.66 
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10 52 20.82 
10 52 20.86 
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+58 04 19.2 
  0.193 
  0.089 
  0.178 
  0.103 
  0.088 
  0.084 
  0.067 
  0.082 
  0.093 
  0.112 
  0.069 
  0.067 
  0.123 
  0.074 
  0.246 
  0.150 
  0.223 
  0.209 
  0.274 
  0.104 
  0.064 
  2.010 
  0.078 
  0.084 
  0.104 
  0.076 
  0.213 
  0.062 
  0.093 
  0.989 
  0.989 
  0.310 
  0.146 
  1.189 
  0.778 
  1.189 
  0.097 
  9.853 
  0.056 
  0.096 
  0.408 
  0.113 
  0.476 
  0.065 
  0.170 
  0.174 
  0.109 
  1.793 
  0.087 
  0.288 
  0.113 
  0.569 
  0.124 
  0.569 
  0.123 
 26.070 
  4.224 
  0.071 
  0.119 
  0.098 
  0.090 





























































































































  8.90 
  9.81 
  9.25 
  9.74 
  9.58 
  9.89 
  9.65 
 10.34 
 10.51 
  9.23 
 10.29 
 11.21 
  9.21 
  9.00 
 10.74 
  9.60 
  9.79 
  9.93 
  9.34 
  9.94 
 10.44 
  9.24 
  9.33 
 10.06 




  9.48 
 
  9.28 
  9.51 




  9.54 
 29.44 
  9.43 
  9.93 
  9.26 
 10.53 
  9.73 
  9.00 
  9.70 
  9.57 
  9.93 
 10.71 
  9.82 




  9.28 
  9.70 
  9.16 
  9.87 
 10.49 




  3.6 
-13.5 
 10.2 
  1.4 
-10.7 




  3.8 
-12.9 







  4.8 
  6.1 
 -1.5 







  1.6 
     
 24.4 
 -6.5 
  6.0 




  7.6 
 29.9 
 15.8 











     
 -6.2 
 11.5 
  6.2 







  6.37 
  6.89 
  6.35 
  5.05 
  6.58 
  7.31 
  0.00 
  6.00 
  0.00 
  0.00 
  8.22 
  7.33 
  7.17 
  0.00 
  6.25 
  0.00 
  3.94 
  5.46 
  3.14 
  6.44 
  0.00 
  2.13 
  7.57 
  7.06 
  0.00 
  7.33 
 14.87 
  8.39 
  7.48 
       
  8.74 
  0.00 
  0.00 
       
 14.39 
 13.11 
  5.60 
 59.82 
 16.44 
  5.52 
  2.59 
  7.44 
  4.18 
  0.00 
  3.77 
  0.00 
  5.31 
  9.45 
  0.00 
  3.24 
  5.60 
       
  5.90 
  4.37 
  0.00 
  1.86 
  4.09 
  7.94 
  4.20 
  5.38 
  5.92 
  5.90 
  0.00 
  3.26 
  1.41 
  3.71 
  2.80 
  4.08 
  0.00 
  2.86 
  0.00 
  0.00 
  4.60 
  6.65 
  1.75 
  0.00 
  3.98 
  0.00 
  0.00 
  3.96 
  1.76 
  4.08 
  0.00 
  0.00 
  0.00 
  3.98 
  0.00 
  3.56 
  4.74 
  6.54 
  2.97 
       
  0.00 
  0.00 
  0.00 
       
  7.27 
  6.16 
  1.28 
 28.02 
  0.00 
  2.78 
  2.18 
  3.51 
  0.00 
  0.00 
  1.04 
  0.00 
  3.84 
  1.72 
  0.00 
  2.08 
  1.38 
       
  4.65 
  0.00 
  0.00 
  1.29 
  2.03 
  4.68 
  3.88 
  4.42 
  1.83 
  3.38 
  7.0 
-28.3 
 20.9 
  6.2 
-22.9 
  5.4 
  0.0 
-63.3 
  0.0 




  0.0 
 70.6 













  3.0 
      
 35.3 
  0.0 
  0.0 




  7.7 
 33.5 
 49.3 
  4.3 
-54.8 
 74.9 
  0.0 
 75.8 
  0.0 
-31.0 
-67.3 
  0.0 
-31.9 
-80.3 
      
-26.5 
 38.2 











































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 52 26.70 
10 52 25.96 
10 52 27.30 
10 52 26.71 
10 52 26.78 
10 52 27.22 
10 52 27.30 
10 52 27.49 
10 52 27.79 
10 52 27.80 
10 52 27.80 
10 52 27.88 
10 52 28.07 
10 52 28.24 
10 52 28.38 
10 52 28.47 
10 52 28.52 
10 52 28.74 
10 52 28.83 
10 52 29.03 
10 52 29.09 
10 52 29.10 
10 52 29.41 
10 52 29.56 
10 52 29.60 
10 52 29.66 
10 52 29.71 
10 52 29.78 
10 52 30.00 
10 52 30.06 
10 52 30.16 
10 52 30.34 
10 52 30.38 
10 52 30.65 
10 52 30.70 
10 52 30.75 
10 52 30.33 
10 52 31.12 
10 52 31.01 
10 52 31.15 
10 52 31.33 
10 52 30.58 
10 52 32.37 
10 52 31.42 
10 52 31.54 
10 52 31.58 
10 52 31.62 
10 52 31.65 
10 52 31.70 
10 52 31.78 
10 52 31.81 
10 52 31.88 
10 52 31.96 
10 52 31.98 
10 52 32.19 
10 52 32.25 
10 52 32.26 
10 52 32.44 
10 52 32.49 
10 52 32.64 
10 52 32.88 
10 52 33.23 
+59 07 38.4 
+59 07 49.6 
+59 07 29.5 
+57 01 19.2 
+57 27 59.8 
+58 24 49.6 
+57 38 24.6 
+57 14 15.8 
+58 36 41.6 
+57 02 45.4 
+58 29 45.2 
+57 07 17.3 
+57 47 39.2 
+58 22 58.6 
+57 11 47.9 
+58 37 14.7 
+58 24 21.2 
+58 08 13.7 
+57 42 12.2 
+57 46 17.8 
+57 40 10.9 
+57 12 42.9 
+57 49 10.1 
+58 59 54.4 
+58 23 55.3 
+57 59 39.6 
+57 17 54.3 
+58 19 05.7 
+58 13 22.1 
+58 54 56.8 
+58 28 39.6 
+57 56 22.4 
+58 47 20.2 
+57 13 12.7 
+58 07 40.1 
+57 00 28.5 
+57 00 24.1 
+57 00 32.5 
+58 52 52.5 
+57 35 02.0 
+57 08 48.3 
+57 08 53.4 
+57 08 41.1 
+57 32 03.1 
+57 09 26.1 
+56 54 34.0 
+56 50 08.0 
+59 11 28.2 
+57 17 54.2 
+58 40 04.0 
+57 06 50.6 
+57 53 49.9 
+58 10 29.6 
+58 36 24.5 
+57 24 49.5 
+57 54 35.8 
+58 08 51.1 
+59 10 43.7 
+58 16 05.2 
+58 13 21.7 
+57 25 43.1 
+58 00 01.6 
  0.317 
  0.267 
  0.317 
  0.125 
  0.100 
  0.059 
  0.058 
  0.161 
  0.074 
  0.213 
  0.067 
  0.123 
  0.085 
  0.071 
  0.091 
  0.120 
  0.060 
  0.082 
  0.108 
  0.109 
  0.055 
  0.178 
  0.343 
  0.125 
  0.267 
  0.103 
  0.086 
  0.075 
  0.077 
  0.099 
  0.203 
 18.161 
  0.105 
  0.251 
  0.074 
  0.198 
  0.195 
  0.198 
  1.078 
  0.240 
  0.231 
  0.231 
  0.218 
  0.082 
  0.165 
  5.594 
  0.580 
  0.493 
  0.062 
  0.078 
  1.352 
  0.079 
  0.094 
  0.068 
  0.158 
  0.866 
  0.175 
  0.780 
  0.068 
  0.073 
  0.117 






























































































































  9.70 
  9.30 
  9.32 
 10.50 
  9.24 
 10.86 
  9.64 
  9.15 
  9.06 
 10.36 
  9.25 
  8.91 
  9.73 
 10.23 




  9.58 
  9.65 
  8.91 
  9.28 
  8.75 
  8.97 
  9.91 
 10.09 
  9.43 
  6.76 
  8.99 
  9.36 
  9.10 
  9.63 
  9.64 
  9.64 
 
  9.23 
 11.56 
 19.70 
  9.06 
 
  9.65 
  9.53 
  9.47 
  9.56 
 10.23 
  9.17 
  8.30 
 10.62 
 10.96 
  9.36 
 10.27 
  9.69 
  9.80 
 10.08 
  9.56 
  9.95 
 18.82 
  9.73 
  8.91 
  9.39 
  9.90 











  4.5 
  2.9 
  6.8 
  0.1 













  0.0 
 32.3 
  5.3 
 -0.5 
-11.5 
  1.9 
 -2.6 









  1.4 
 35.3 
-19.8 
  0.6 
-13.1 
-59.5 












       
  0.00 
  6.45 
  0.00 
  5.81 
  0.00 
  8.35 
  0.00 
  0.00 
  8.95 
  7.25 
  0.00 
  0.00 
 10.38 
  4.86 
  5.28 
  7.04 
  5.89 
  6.09 
  6.35 
 10.87 
  0.00 
  3.72 
  0.00 
  4.90 
  5.31 
  6.59 
  0.00 
  0.00 
  0.00 
  4.18 
  1.55 
  0.00 
  3.49 
  8.67 
       
 10.53 
  8.33 
 31.66 
  6.03 
       
  8.48 
  0.00 
  6.69 
  0.00 
  8.36 
  0.00 
  0.00 
  6.70 
  9.86 
  2.96 
  7.02 
  8.14 
  0.00 
 10.27 
  3.39 
  6.30 
 29.34 
  7.80 
  0.00 
  5.74 
  8.20 
       
  0.00 
  1.27 
  0.00 
  3.71 
  0.00 
  5.08 
  0.00 
  0.00 
  0.00 
  4.38 
  0.00 
  0.00 
  3.59 
  4.27 
  4.07 
  6.32 
  4.42 
  2.66 
  2.38 
  0.99 
  0.00 
  1.60 
  0.00 
  0.00 
  3.10 
  3.56 
  0.00 
  0.00 
  0.00 
  2.25 
  1.27 
  0.00 
  2.53 
  3.43 
       
  0.00 
  6.04 
 17.11 
  0.00 
       
  3.11 
  0.00 
  2.04 
  0.00 
  2.08 
  0.00 
  0.00 
  4.96 
  2.44 
  0.00 
  4.81 
  1.59 
  0.00 
  3.20 
  1.04 
  3.34 
 15.29 
  3.37 
  0.00 
  2.65 
  0.61 
      
  0.0 
-25.4 
  0.0 
 68.3 
  0.0 
 42.8 
  0.0 
  0.0 
 17.0 
-36.6 
  0.0 
  0.0 
  9.6 
 89.4 






  0.0 
-31.7 




  0.0 
  0.0 
  0.0 
 23.5 
-30.4 
  0.0 
 78.3 
 -4.2 





      
 18.3 
  0.0 
 27.4 
  0.0 
 52.9 
  0.0 












  0.0 
 -5.4 
-48.5 



































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 52 33.31 
10 52 33.67 
10 52 33.85 
10 52 33.92 
10 52 33.96 
10 52 34.08 
10 52 34.16 
10 52 34.38 
10 52 34.88 
10 52 34.94 
10 52 34.94 
10 52 35.36 
10 52 35.38 
10 52 35.59 
10 52 35.67 
10 52 35.71 
10 52 35.78 
10 52 36.07 
10 52 36.10 
10 52 36.16 
10 52 36.43 
10 52 36.55 
10 52 36.69 
10 52 36.73 
10 52 36.80 
10 52 37.17 
10 52 36.60 
10 52 37.95 
10 52 37.17 
10 52 37.18 
10 52 37.41 
10 52 37.50 
10 52 37.76 
10 52 37.80 
10 52 38.15 
10 52 38.28 
10 52 38.38 
10 52 38.42 
10 52 38.71 
10 52 38.97 
10 52 38.98 
10 52 39.12 
10 52 39.19 
10 52 39.55 
10 52 39.63 
10 52 39.72 
10 52 39.89 
10 52 40.10 
10 52 40.42 
10 52 40.87 
10 52 41.04 
10 52 41.46 
10 52 41.48 
10 52 41.02 
10 52 43.22 
10 52 41.53 
10 52 41.61 
10 52 42.01 
10 52 42.37 
10 52 42.38 
10 52 42.40 
10 52 42.52 
+58 38 40.1 
+57 30 59.0 
+58 54 51.7 
+58 32 19.5 
+58 45 20.9 
+57 17 52.7 
+56 56 00.0 
+57 31 25.1 
+58 19 15.2 
+57 47 49.0 
+58 14 18.9 
+57 26 49.3 
+58 40 21.5 
+57 06 33.4 
+57 09 02.5 
+58 39 44.9 
+58 15 41.8 
+58 35 52.2 
+57 53 42.2 
+57 04 32.3 
+56 49 16.6 
+57 48 19.9 
+57 08 46.4 
+58 33 02.2 
+59 07 29.1 
+57 31 01.2 
+57 30 49.6 
+57 31 16.9 
+57 38 54.3 
+57 35 44.1 
+57 21 48.7 
+57 14 32.4 
+58 50 31.1 
+58 07 46.9 
+58 46 07.6 
+57 16 51.3 
+58 55 16.1 
+59 09 08.2 
+58 54 53.9 
+57 41 01.2 
+56 55 07.9 
+57 30 26.2 
+58 44 28.2 
+56 58 25.6 
+57 24 32.1 
+58 25 26.2 
+56 58 50.2 
+57 30 52.7 
+58 04 43.9 
+57 36 50.0 
+57 35 53.0 
+57 23 20.4 
+58 02 01.1 
+58 02 00.1 
+58 02 04.6 
+57 59 02.5 
+58 31 36.5 
+58 49 59.3 
+57 24 44.6 
+57 19 14.7 
+57 41 53.4 
+57 45 25.0 
  0.070 
  0.132 
  0.325 
  0.191 
  0.111 
  0.089 
  0.160 
  0.087 
  1.636 
  0.095 
  0.170 
  0.241 
  0.168 
  0.116 
  0.077 
  0.135 
  0.066 
  0.068 
  0.215 
  0.091 
  0.411 
  0.061 
  0.074 
  0.088 




  0.067 
  0.061 
  0.155 
  0.123 
  4.962 
  0.110 
  0.072 
  0.096 
  0.123 
  2.254 
  0.255 
  0.055 
  0.162 
  0.065 
  0.217 
  2.734 
  0.126 
  0.067 
  0.184 
  0.082 
  0.073 
  0.060 
  0.057 
  1.728 
  0.295 
  0.295 
  0.077 
  0.096 
  0.198 
  0.172 
  0.239 
  0.347 
  0.068 





























































































































  9.25 
  9.86 
 24.18 
  9.82 
  9.31 
  8.68 
 10.21 
  8.02 
  9.19 
  9.88 
  9.58 
  9.72 
  9.32 
  9.42 
  9.52 
  9.00 
  9.00 
  9.50 
  9.10 
  8.36 
  9.56 
  9.40 
  8.02 
  9.00 
  9.59 
 
  9.94 
 10.00 
 10.97 
  9.38 
  8.93 
  9.18 
  9.20 
 10.13 
  9.49 
  9.09 
  9.79 
  9.42 
  9.30 
 10.04 
  9.07 
  8.68 
  9.06 
  9.12 
 10.54 
  9.57 
  9.98 
  9.00 
  9.28 
 11.51 
 10.53 
  9.49 
 
  9.56 
  9.54 
  9.35 
  9.58 
  9.00 
  9.52 
  9.49 
  9.50 
  9.79 
  7.8 





  9.4 
 14.5 
  0.3 
  4.7 
 -0.6 
 15.2 






  0.9 































  1.0 
 -0.5 










  9.20 
  8.70 
 29.74 
  7.24 
  6.87 
  9.53 
  0.00 
 11.20 
  1.87 
  5.59 
  3.39 
 14.36 
  5.94 
  0.00 
  0.00 
  0.00 
  0.00 
  8.50 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
       
 11.41 
  9.67 
  7.12 
  9.33 
  0.00 
  0.00 
  2.54 
  6.33 
  8.66 
  6.72 
  8.24 
  3.25 
  0.00 
  7.51 
  0.00 
  0.00 
  0.00 
  2.40 
  5.89 
  0.00 
  0.00 
  0.00 
  0.00 
 43.87 
  0.00 
  3.01 
       
  3.36 
  0.00 
 10.29 
  9.08 
  0.00 
  5.05 
  3.90 
 10.19 
  8.96 
  1.86 
  3.94 
 21.57 
  3.33 
  1.98 
  0.00 
  0.00 
  0.00 
  1.48 
  3.95 
  3.24 
  3.19 
  2.42 
  0.00 
  0.00 
  0.00 
  0.00 
  3.04 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
       
  3.43 
  3.98 
  4.63 
  2.52 
  0.00 
  0.00 
  1.27 
  3.79 
  3.01 
  0.00 
  2.86 
  0.00 
  0.00 
  4.39 
  0.00 
  0.00 
  0.00 
  0.94 
  3.36 
  0.00 
  0.00 
  0.00 
  0.00 
  3.58 
  0.00 
  2.10 
       
  3.22 
  0.00 
  2.11 
  2.99 
  0.00 
  1.54 
  1.68 
  0.00 
  3.08 
 11.6 











  0.7 
  0.0 
  0.0 
  0.0 
  0.0 
 -2.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 





  0.0 







  0.0 
  9.6 
  0.0 
  0.0 
  0.0 
-32.6 
-71.1 
  0.0 
  0.0 
  0.0 
  0.0 
-79.5 
  0.0 
-86.2 
      
-13.3 
  0.0 
-15.1 
 15.4 








































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 52 42.65 
10 52 42.76 
10 52 42.85 
10 52 42.95 
10 52 42.96 
10 52 43.02 
10 52 43.13 
10 52 43.42 
10 52 43.44 
10 52 43.33 
10 52 45.34 
10 52 43.65 
10 52 43.76 
10 52 43.89 
10 52 44.00 
10 52 44.57 
10 52 44.61 
10 52 44.85 
10 52 44.94 
10 52 45.13 
10 52 45.26 
10 52 45.26 
10 52 45.40 
10 52 45.45 
10 52 45.49 
10 52 45.61 
10 52 45.96 
10 52 46.03 
10 52 46.23 
10 52 46.31 
10 52 46.39 
10 52 46.63 
10 52 47.09 
10 52 47.17 
10 52 47.43 
10 52 47.49 
10 52 47.59 
10 52 47.71 
10 52 47.74 
10 52 48.05 
10 52 48.06 
10 52 48.07 
10 52 48.19 
10 52 48.32 
10 52 48.78 
10 52 48.81 
10 52 48.92 
10 52 49.08 
10 52 49.30 
10 52 49.37 
10 52 49.57 
10 52 49.86 
10 52 50.03 
10 52 50.03 
10 52 50.08 
10 52 50.34 
10 52 50.44 
10 52 50.47 
10 52 50.80 
10 52 50.96 
10 52 50.99 
10 52 51.25 
+58 39 58.4 
+58 14 18.5 
+58 32 09.2 
+58 06 30.1 
+57 02 13.1 
+57 12 53.9 
+58 40 47.3 
+57 25 06.5 
+57 48 13.2 
+57 48 13.8 
+57 48 03.8 
+57 52 14.4 
+58 19 35.7 
+58 22 48.6 
+58 00 51.8 
+58 06 18.1 
+57 30 41.7 
+58 30 12.1 
+57 56 43.4 
+58 04 37.7 
+57 36 16.5 
+57 37 46.8 
+58 36 38.6 
+57 43 11.0 
+57 46 25.1 
+58 07 04.2 
+58 02 11.9 
+57 31 18.8 
+57 15 16.0 
+57 17 49.9 
+58 20 01.5 
+57 49 57.4 
+57 48 15.8 
+57 41 04.4 
+57 06 40.3 
+58 33 59.3 
+57 14 05.8 
+59 02 57.0 
+57 55 05.5 
+58 47 09.1 
+57 47 02.5 
+57 36 22.2 
+57 54 34.8 
+59 05 03.7 
+58 45 00.2 
+57 52 46.6 
+58 19 59.6 
+57 40 09.3 
+57 37 10.2 
+58 22 17.5 
+58 07 01.6 
+57 36 27.5 
+57 44 51.1 
+58 02 35.5 
+57 44 17.9 
+57 06 22.7 
+57 53 50.3 
+57 39 09.5 
+58 52 43.8 
+59 08 41.6 
+58 03 04.9 
+58 41 37.3 
  0.176 
  0.069 
  0.292 
  0.097 
  0.140 
  0.113 
  0.109 
  0.063 
  1.662 
  1.662 
  0.075 
  0.129 
  0.072 
  0.127 
  0.135 
  0.106 
  0.066 
  0.233 
  0.222 
  0.820 
  0.430 
  0.084 
  0.102 
  0.059 
  0.051 
  0.067 
  0.133 
  0.078 
  0.065 
  0.107 
  0.059 
  0.073 
  0.052 
  0.094 
  0.074 
  0.063 
  0.061 
  0.165 
  0.178 
  0.078 
  0.105 
  0.059 
  0.108 
  0.180 
  0.093 
  0.134 
  0.266 
  0.098 
  0.075 
  0.068 
  0.110 
  0.085 
  0.959 
  0.058 
  0.060 
  0.101 
  0.069 
  0.099 
  0.087 
  0.255 
  0.145 





























































































































  9.66 
  9.85 
  9.22 
 10.36 
  9.82 
  9.77 
  9.77 
  8.91 
 
  9.30 
 14.07 
  9.22 
  9.00 
  9.66 
 10.87 
 10.23 
  8.99 
  9.54 
 10.07 
  9.71 
  9.36 
  9.13 
  9.91 
 11.52 
 10.85 
  8.87 
  9.79 
  9.37 
  9.79 
  8.73 
 10.03 
  9.89 
  9.00 
  9.81 
 10.87 
 10.92 
  8.70 
  9.90 
  9.56 
  9.78 
  9.87 
 10.82 
  9.43 
 10.23 
  8.89 
 11.61 
  9.19 
 11.34 




  9.17 
 10.86 
  9.00 
 10.30 
  9.88 
 10.09 
  9.52 
 10.21 
  9.76 
  9.71 
 11.6 
  7.4 
 -1.2 




  5.1 





























  6.8 
  1.4 
 27.3 




  0.3 
-39.8 














  0.8 
 26.7 
  8.49 
  5.70 
  3.69 
  5.28 
  0.00 
  5.18 
  0.00 
  0.00 
       
  3.03 
 16.19 
  5.98 
  0.00 
  6.03 
  6.40 
  9.26 
  9.93 
  3.88 
  4.97 
  3.66 
  3.48 
  8.26 
 10.62 
  7.61 
  7.30 
  0.00 
  5.32 
  0.00 
  0.00 
  7.17 
  6.20 
 12.06 
  9.84 
  9.06 
  6.84 
  8.03 
 10.44 
  6.46 
  0.00 
 11.13 
  4.42 
  9.25 
  6.31 
  7.65 
  0.00 
  7.47 
  4.39 
  6.90 
  0.00 
  6.68 
  7.41 
  6.74 
  2.64 
  6.30 
  0.00 
 11.68 
  8.09 
  8.20 
  0.00 
  8.39 
  3.79 
  0.00 
  3.11 
  3.72 
  1.98 
  4.63 
  0.00 
  3.61 
  0.00 
  0.00 
       
  0.86 
  9.14 
  0.99 
  0.00 
  1.96 
  0.80 
  2.71 
  0.00 
  2.49 
  3.73 
  1.45 
  1.10 
  0.00 
  2.34 
  6.46 
  5.36 
  0.00 
  3.45 
  0.00 
  0.00 
  0.00 
  4.35 
  2.52 
  0.00 
  2.85 
  3.96 
  0.00 
  0.00 
  3.95 
  0.00 
  1.99 
  2.41 
  5.33 
  0.00 
  2.34 
  0.00 
  4.04 
  0.26 
  5.28 
  0.00 
  3.16 
  6.10 
  3.15 
  1.67 
  5.01 
  0.00 
  4.86 
  2.65 
  1.25 
  0.00 
  2.97 
  3.34 





  0.0 
-21.8 
  0.0 
  0.0 

















  0.0 
-29.2 
  0.0 






























  0.0 
 45.6 
 80.6 




































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 52 51.34 
10 52 51.67 
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10 52 52.71 
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10 52 52.95 
10 52 53.38 
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10 52 53.72 
10 52 54.11 
10 52 54.19 
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10 52 54.39 
10 52 54.51 
10 52 54.53 
10 52 54.71 
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10 52 55.32 
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+57 16 25.6 
+57 24 19.3 
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+57 23 41.9 
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+58 02 52.5 
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+57 42 25.6 
+58 04 14.9 
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+57 34 07.0 
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+57 08 33.1 
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+57 09 25.5 
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+59 13 42.0 
+57 32 49.8 
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+57 32 26.7 
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+58 40 15.5 
+58 18 06.4 
+58 15 39.0 
+57 36 38.5 
+58 34 22.1 
+58 30 56.8 
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10 53 00.98 
10 53 01.08 
10 53 01.21 
10 53 01.31 
10 53 01.39 
10 53 01.53 
10 53 01.64 
10 53 01.67 
10 53 01.68 
10 53 01.80 
10 53 02.11 
10 53 02.30 
10 53 02.38 
10 53 02.39 
10 53 02.48 
10 53 03.24 
10 53 03.28 
10 53 03.76 
10 53 03.77 
10 53 03.95 
10 53 04.08 
10 53 04.18 
10 53 04.39 
10 53 04.41 
10 53 03.83 
10 53 04.99 
10 53 04.54 
10 53 04.55 
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10 53 04.93 
10 53 05.10 
10 53 05.13 
10 53 05.24 
10 53 05.30 
10 53 05.31 
10 53 05.44 
10 53 05.45 
10 53 05.46 
10 53 05.51 
10 53 05.82 
10 53 05.96 
10 53 06.10 
10 53 06.29 
10 53 06.33 
10 53 06.36 
10 53 06.48 
10 53 06.52 
10 53 06.65 
10 53 06.66 
10 53 06.80 
10 53 06.87 
10 53 06.90 
10 53 07.11 
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+58 27 05.4 
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+57 05 43.4 
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+58 34 05.4 
+58 27 49.7 
+58 50 30.5 
+58 46 52.0 
+57 56 27.5 
+57 15 25.1 
+57 18 13.1 
+58 06 34.2 
+58 05 25.1 
+57 35 30.9 
+57 12 05.8 
+59 08 30.4 
+57 09 39.3 
+58 09 52.2 
+57 15 48.8 
+58 58 19.7 
+58 58 14.3 
+58 58 25.2 
+58 05 42.1 
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+57 33 31.2 
+57 30 56.0 
+58 10 54.1 
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+56 42 44.2 
+58 02 29.6 
+57 23 30.8 
+58 55 41.6 
+57 51 54.9 
+58 36 48.2 
+58 43 37.3 
+58 19 31.5 
+58 51 30.7 
+58 08 35.9 
+57 59 47.1 
+58 40 27.7 
+59 02 53.6 
+57 26 19.2 
+58 11 05.2 
+57 00 19.2 
+58 02 54.6 
+58 09 15.8 
+57 28 08.9 
+58 27 27.1 
+58 15 53.1 
+57 03 33.9 
+59 01 33.8 
+58 06 49.9 
+57 59 24.2 
+58 39 30.3 
+57 15 02.6 
+58 44 39.3 
+57 06 22.8 
+57 22 22.8 
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10 53 08.27 
10 53 08.28 
10 53 08.31 
10 53 08.32 
10 53 08.40 
10 53 08.47 
10 53 08.61 
10 53 08.79 
10 53 08.82 
10 53 08.89 
10 53 08.94 
10 53 09.26 
10 53 09.43 
10 53 09.43 
10 53 09.50 
10 53 08.76 
10 53 10.85 
10 53 09.59 
10 53 09.60 
10 53 09.62 
10 53 09.87 
10 53 09.88 
10 53 10.06 
10 53 10.13 
10 53 10.15 
10 53 10.16 
10 53 10.62 
10 53 10.78 
10 53 10.96 
10 53 10.97 
10 53 11.00 
10 53 11.04 
10 53 11.09 
10 53 11.26 
10 53 11.49 
10 53 11.70 
10 53 11.80 
10 53 11.85 
10 53 11.85 
10 53 11.93 
10 53 12.12 
10 53 12.21 
10 53 12.26 
10 53 12.29 
10 53 12.30 
10 53 12.47 
10 53 12.54 
10 53 12.69 
10 53 12.76 
10 53 12.92 
10 53 12.92 
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+59 07 22.4 
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+57 24 49.8 
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10 53 15.13 
10 53 15.21 
10 53 15.26 
10 53 15.35 
10 53 15.39 
10 53 15.62 
10 53 15.63 
10 53 15.67 
10 53 15.70 
10 53 15.77 
10 53 15.95 
10 53 15.97 
10 53 16.08 
10 53 15.51 
10 53 16.94 
10 53 16.30 
10 53 16.35 
10 53 16.47 
10 53 16.63 
10 53 15.35 
10 53 17.38 
10 53 16.69 
10 53 16.71 
10 53 17.03 
10 53 15.76 
10 53 17.67 
10 53 17.07 
10 53 17.10 
10 53 17.19 
10 53 17.45 
10 53 17.50 
10 53 17.71 
10 53 17.80 
10 53 17.86 
10 53 18.14 
10 53 18.17 
10 53 18.24 
10 53 18.54 
10 53 18.62 
10 53 18.62 
10 53 18.90 
10 53 19.02 
10 53 19.13 
10 53 19.20 
10 53 19.22 
10 53 19.24 
10 53 19.36 
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+57 19 41.8 
+57 19 43.0 
+57 19 40.0 
+58 48 02.5 
+58 56 43.7 
+58 25 56.4 
+58 25 10.5 
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+58 21 13.8 
+57 52 28.9 
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+57 27 21.5 
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10 54 05.93 
10 54 06.00 
10 54 06.05 
10 54 06.08 
10 54 06.09 
10 54 06.37 
10 54 06.39 
10 54 06.69 
10 54 06.77 
10 54 06.85 
10 54 06.98 
10 54 07.01 
10 54 07.09 
10 54 07.20 
10 54 07.21 
10 54 07.67 
10 54 08.16 
10 54 08.43 
10 54 09.11 
10 54 07.77 
10 54 09.91 
10 54 09.21 
10 54 09.29 
10 54 09.31 
10 54 09.33 
10 54 09.50 
10 54 09.53 
10 54 09.55 
10 54 09.59 
10 54 10.09 
10 54 10.43 
10 54 10.78 
10 54 10.93 
10 54 10.95 
10 54 11.09 
10 54 10.67 
10 54 12.25 
10 54 11.11 
10 54 11.13 
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10 54 11.26 
10 54 11.37 
10 54 11.66 
10 54 11.75 
10 54 11.93 
10 54 11.99 
10 54 12.05 
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+57 24 13.9 
+57 59 10.9 
+56 45 07.0 
+57 56 26.0 
+57 12 56.8 
+58 18 07.7 
+57 33 10.0 
+57 55 05.3 
+57 12 07.1 
+56 42 38.9 
+58 33 24.2 
+58 26 48.3 
+58 51 00.9 
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+57 09 26.1 
+57 09 25.4 
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+58 45 27.3 
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+58 13 37.1 
+57 27 25.5 
+58 11 26.2 
+57 15 43.7 
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+58 29 41.4 
+58 22 08.7 
+58 07 54.2 
+58 11 59.8 
+57 56 51.3 
+57 56 49.5 
+57 56 53.1 
+58 16 05.1 
+58 32 09.3 
+57 59 12.7 
+57 30 01.7 
+58 09 27.6 
+57 18 04.8 
+58 15 48.2 
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10 54 13.53 
10 54 13.72 
10 54 13.78 
10 54 13.87 
10 54 13.94 
10 54 14.13 
10 54 14.38 
10 54 14.71 
10 54 14.89 
10 54 15.03 
10 54 15.07 
10 54 15.11 
10 54 15.14 
10 54 15.46 
10 54 15.63 
10 54 15.82 
10 54 15.95 
10 54 15.99 
10 54 16.00 
10 54 16.07 
10 54 16.10 
10 54 16.18 
10 54 16.25 
10 54 16.29 
10 54 16.43 
10 54 16.46 
10 54 16.48 
10 54 16.96 
10 54 17.13 
10 54 17.21 
10 54 17.33 
10 54 17.53 
10 54 17.54 
10 54 17.56 
10 54 17.57 
10 54 17.66 
10 54 17.83 
10 54 18.56 
10 54 18.59 
10 54 18.65 
10 54 18.79 
10 54 19.42 
10 54 19.59 
10 54 19.98 
10 54 19.98 
10 54 20.59 
10 54 20.60 
10 54 20.81 
10 54 20.96 
10 54 21.00 
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+58 34 35.5 
+58 51 39.5 
+57 00 46.4 
+57 11 54.2 
+58 40 18.8 
+57 47 22.1 
+57 45 57.7 
+57 12 41.8 
+57 33 35.6 
+58 10 33.0 
+59 08 29.3 
+57 11 20.2 
+58 42 19.1 
+57 28 01.7 
+58 40 52.1 
+57 40 35.9 
+58 15 43.2 
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+58 05 30.5 
+57 17 43.0 
+57 58 29.6 
+58 28 20.2 
+58 32 30.1 
+57 38 49.0 
+58 31 51.7 
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+58 18 28.1 
+56 35 31.4 
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+57 51 04.3 
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+58 34 18.3 
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+57 00 23.3 
+57 33 07.9 
+57 58 25.2 
+57 34 41.6 
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+57 42 47.8 
+57 47 20.7 
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+59 13 38.0 
+57 37 11.0 
+58 02 58.7 
+58 12 08.9 
+57 14 25.5 
+58 57 22.5 
+57 25 44.3 
+57 59 14.3 
+58 00 59.7 
+56 56 36.6 
+58 26 38.9 
+58 23 44.5 
+57 52 12.4 
+57 34 46.5 
+57 55 41.9 
+56 52 06.9 
+57 44 01.0 
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10 54 23.92 
10 54 23.61 
10 54 24.07 
10 54 23.96 
10 54 24.37 
10 54 24.38 
10 54 24.42 
10 54 24.43 
10 54 24.52 
10 54 24.66 
10 54 24.75 
10 54 24.84 
10 54 24.88 
10 54 24.90 
10 54 25.03 
10 54 22.94 
10 54 25.70 
10 54 25.08 
10 54 25.83 
10 54 25.85 
10 54 25.95 
10 54 25.97 
10 54 26.05 
10 54 26.09 
10 54 26.11 
10 54 26.23 
10 54 26.56 
10 54 26.84 
10 54 26.88 
10 54 27.03 
10 54 27.05 
10 54 24.79 
10 54 29.00 
10 54 27.26 
10 54 27.30 
10 54 27.34 
10 54 27.44 
10 54 27.47 
10 54 27.52 
10 54 27.57 
10 54 27.59 
10 54 27.63 
10 54 27.71 
10 54 27.72 
10 54 27.78 
10 54 27.81 
10 54 27.87 
10 54 27.97 
10 54 28.19 
10 54 28.32 
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10 54 29.53 
10 54 29.56 
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+58 45 38.0 
+56 56 19.3 
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10 54 32.26 
10 54 32.45 
10 54 32.60 
10 54 32.70 
10 54 32.77 
10 54 32.91 
10 54 32.96 
10 54 33.02 
10 54 33.07 
10 54 33.47 
10 54 33.59 
10 54 33.65 
10 54 33.68 
10 54 34.00 
10 54 34.09 
10 54 34.15 
10 54 34.23 
10 54 34.34 
10 54 34.42 
10 54 34.68 
10 54 34.70 
10 54 34.79 
10 54 34.91 
10 54 34.98 
10 54 35.14 
10 54 35.16 
10 54 35.21 
10 54 35.38 
10 54 35.39 
10 54 32.88 
10 54 36.18 
10 54 35.61 
10 54 35.69 
10 54 35.71 
10 54 35.79 
10 54 35.86 
10 54 35.95 
10 54 36.02 
10 54 36.20 
10 54 36.34 
10 54 36.48 
10 54 36.85 
10 54 37.31 
10 54 37.42 
10 54 37.43 
10 54 37.86 
10 54 38.02 
10 54 38.74 
10 54 38.80 
10 54 39.05 
+57 37 51.8 
+56 44 22.6 
+57 23 59.1 
+58 44 43.2 
+57 40 35.6 
+58 38 43.6 
+58 15 25.8 
+57 32 04.7 
+57 05 00.5 
+58 40 22.1 
+58 17 59.9 
+58 00 47.1 
+57 09 32.5 
+58 19 55.5 
+57 47 22.7 
+57 52 45.5 
+58 49 52.4 
+58 47 33.2 
+57 36 26.0 
+58 59 20.0 
+58 00 16.5 
+58 45 19.4 
+57 57 53.6 
+57 00 53.1 
+58 35 30.1 
+57 06 38.1 
+57 17 39.3 
+57 44 38.6 
+58 08 54.2 
+58 02 02.1 
+57 40 27.8 
+58 21 01.4 
+58 58 59.9 
+58 47 57.8 
+58 13 08.5 
+58 03 12.3 
+58 23 22.2 
+57 20 23.7 
+58 08 15.1 
+57 36 26.1 
+56 55 03.7 
+56 54 56.7 
+56 55 05.9 
+57 56 21.4 
+57 35 51.7 
+59 09 00.1 
+57 17 08.5 
+58 24 28.4 
+57 22 57.7 
+58 41 06.5 
+58 22 44.2 
+57 54 06.7 
+59 05 22.3 
+58 18 11.8 
+57 36 24.9 
+57 28 38.3 
+56 51 01.1 
+57 47 19.7 
+56 59 20.9 
+58 18 39.4 
+58 09 43.6 
+58 08 46.7 
  0.096 
  0.553 
  0.073 
  0.097 
  0.097 
  0.062 
  0.184 
  0.091 
  0.099 
  0.077 
  0.053 
  0.059 
  0.634 
  0.050 
  0.109 
  1.011 
  0.076 
  0.118 
  0.129 
  0.135 
  0.056 
  0.137 
  0.059 
  0.105 
  0.063 
  0.110 
  0.096 
  0.069 
  0.143 
  0.111 
  0.074 
  0.075 
  0.114 
  0.600 
  0.060 
  0.198 
  0.082 
  0.180 
  0.091 
  0.102 
  1.505 
  0.552 
  1.505 
  0.058 
  0.071 
  5.294 
  0.107 
  0.755 
  0.076 
  0.066 
  0.257 
  0.728 
  0.373 
  0.079 
  0.072 
  0.076 
  1.203 
  0.086 
  1.623 
  0.094 
  0.056 






























































































































  9.57 
  9.62 
  9.59 
  9.79 
  9.54 
  9.57 
 10.98 
 10.62 
  9.29 
  9.78 
 11.50 
  9.34 
 10.39 
  9.70 
  9.23 
  9.22 
  9.39 
  9.34 
  9.97 
  9.52 
  9.65 
  9.21 
  9.53 
 10.29 
  9.02 
 11.35 
  9.04 
  9.00 
 11.53 
 11.13 
  9.21 
  9.63 
  9.17 
  9.02 
  9.40 
  9.77 







  9.89 
  9.17 
 10.14 
  9.20 
  9.86 
  9.97 
 14.85 
  9.20 
  9.03 
  9.35 
  5.22 
  9.51 
  9.08 
 10.31 
 79.74 
  9.22 
  8.57 




  1.4 
-11.6 
-13.2 


































     










  3.2 







  2.4 
 19.8 
-10.6 
  8.22 
  0.00 
 10.03 
  0.00 
  5.35 
  7.38 
  3.26 
  8.02 
 11.45 
  8.01 
 11.29 
  7.88 
  3.64 
  9.42 
  4.82 
  3.68 
  0.00 
  0.00 
 24.22 
 11.88 
  8.94 
  0.00 
  0.00 
 10.56 
  6.84 
 12.24 
 15.00 
  0.00 
  0.00 
  8.02 
 10.16 
  8.06 
  0.00 
  4.03 
 10.12 
  3.77 
  0.00 
  8.14 
  5.66 
 22.65 
       
 11.36 
 11.66 
  6.81 
  9.14 
  2.27 
  6.60 
  3.65 
  7.87 
  0.00 
 14.44 
  2.15 
  0.00 
  7.51 
 17.67 
  0.00 
  0.00 
  7.48 
 88.00 
  5.74 
  0.00 
  0.00 
  5.81 
  0.00 
  0.00 
  0.00 
  3.03 
  2.49 
  2.58 
  2.36 
  0.00 
  0.00 
  1.85 
  3.48 
  0.00 
  4.95 
  1.84 
  2.05 
  0.00 
  0.00 
  0.00 
  3.94 
  0.00 
  0.00 
  0.00 
  0.00 
  3.30 
  0.00 
  2.82 
  0.00 
  0.00 
  3.94 
  1.91 
  1.69 
  0.00 
  0.64 
  0.00 
  2.59 
  0.00 
  2.62 
  3.52 
 21.78 
       
  5.53 
  7.86 
  3.46 
  2.86 
  0.36 
  0.00 
  0.00 
  1.51 
  0.00 
 10.46 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  3.84 
 79.00 
  1.96 
  0.00 
  0.00 
-52.5 
  0.0 
-46.3 













  0.0 




  0.0 





  0.0 












      








  0.0 
 65.5 
 66.8 
  0.0 
-34.7 
 17.0 
  0.0 
  0.0 
 42.2 
-73.8 
  5.7 
  0.0 




































































































































































































      
mJy 
     
mJy 
     
arcsec 




     
arcsec 


































































































































































































10 54 39.27 
10 54 39.30 
10 54 39.84 
10 54 39.91 
10 54 39.97 
10 54 40.01 
10 54 40.04 
10 54 40.55 
10 54 40.72 
10 54 40.93 
10 54 41.32 
10 54 41.40 
10 54 41.48 
10 54 41.49 
10 54 40.61 
10 54 42.12 
10 54 41.61 
10 54 42.14 
10 54 42.46 
10 54 42.46 
10 54 42.48 
10 54 42.53 
10 54 42.58 
10 54 42.65 
10 54 42.67 
10 54 43.02 
10 54 43.07 
10 54 43.16 
10 54 43.20 
10 54 43.24 
10 54 43.31 
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10 54 49.47 
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10 54 49.66 
10 54 49.76 
10 54 49.82 
10 54 49.91 
10 54 49.98 
10 54 50.08 
10 54 50.10 
10 54 50.50 
10 54 50.56 
10 54 50.69 
10 54 50.74 
10 54 50.77 
10 54 50.79 
10 54 50.81 
10 54 50.83 
10 54 51.00 
10 54 51.48 
10 54 51.67 
10 54 51.73 
10 54 51.80 
10 54 51.86 
10 54 52.22 
10 54 52.29 
10 54 52.74 
10 54 52.88 
10 54 53.18 
10 54 53.19 
10 54 53.25 
10 54 53.34 
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+58 23 44.5 
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+57 30 17.4 
+57 33 13.4 
+58 18 10.7 
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10 54 57.39 
10 54 57.49 
10 54 57.54 
10 54 57.73 
10 54 57.93 
10 54 58.20 
10 54 58.24 
10 54 58.29 
10 54 58.34 
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10 54 58.91 
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10 55 00.00 
10 55 00.25 
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10 55 02.74 
10 55 03.05 
10 55 03.16 
10 55 03.52 
10 55 03.75 
10 55 03.77 
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+58 06 29.7 
+58 32 21.0 
+57 47 42.0 
+57 33 42.3 
+57 29 58.9 
+58 33 13.4 
+58 37 49.8 
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10 56 55.36 
10 56 55.46 
10 56 55.50 
10 56 55.58 
10 56 55.62 
10 56 55.78 
10 56 55.86 
10 56 55.97 
10 56 56.04 
10 56 56.12 
10 56 56.36 
10 56 54.98 
10 56 59.28 
10 56 56.44 
10 56 56.80 
10 56 57.06 
10 56 57.14 
10 56 57.19 
10 56 57.58 
10 56 58.21 
10 56 58.29 
10 56 58.60 
10 56 59.09 
10 56 59.37 
10 56 59.40 
10 56 59.40 
10 56 59.52 
10 56 59.60 
10 56 59.71 
10 56 59.75 
10 56 59.92 
10 57 00.07 
10 57 00.35 
10 57 00.44 
10 57 00.48 
10 57 00.50 
10 57 00.78 
10 57 01.08 
10 57 01.14 
10 57 01.18 
10 57 01.88 
10 57 02.27 
10 57 02.49 
10 57 02.74 
10 57 02.79 
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10 57 03.65 
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+58 48 06.7 
+58 03 45.0 
+58 25 37.9 
+58 25 39.4 
+58 25 34.7 
+57 45 20.5 
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+57 59 24.7 
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+57 42 40.4 
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+57 33 10.8 
+57 41 26.5 
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+58 39 06.6 
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+57 59 21.1 
+58 36 21.0 
+57 36 49.1 
+57 29 17.9 
+57 45 38.7 
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+57 14 46.3 
+57 07 42.8 
+57 17 19.6 
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+57 26 02.7 
+58 24 13.9 
+58 24 11.0 
+58 24 20.4 
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+58 34 56.5 
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+57 40 54.9 
+58 19 31.8 
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+58 43 03.3 
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+58 41 56.7 
+58 11 11.3 
+58 22 23.5 
+58 04 37.1 
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10 57 06.30 
10 57 06.38 
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10 57 06.75 
10 57 06.77 
10 57 06.85 
10 57 07.29 
10 57 07.32 
10 57 07.72 
10 57 08.17 
10 57 08.21 
10 57 08.22 
10 57 08.25 
10 57 08.38 
10 57 08.40 
10 57 08.51 
10 57 08.51 
10 57 08.81 
10 57 08.90 
10 57 08.95 
10 57 09.21 
10 57 09.28 
10 57 09.34 
10 57 09.44 
10 57 09.63 
10 57 09.70 
10 57 09.80 
10 57 09.85 
10 57 10.06 
10 57 10.10 
10 57 10.34 
10 57 10.41 
10 57 10.55 
10 57 10.60 
10 57 10.68 
10 57 10.71 
10 57 10.75 
10 57 10.82 
10 57 10.93 
10 57 10.95 
10 57 10.99 
10 57 11.02 
10 57 11.78 
10 57 11.85 
10 57 12.08 
10 57 12.18 
10 57 12.22 
10 57 12.32 
10 57 12.35 
10 57 12.70 
10 57 11.92 
10 57 13.42 
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10 57 13.07 
10 57 13.68 
10 57 13.76 
10 57 13.76 
10 57 13.98 
10 57 14.17 
+58 12 26.7 
+58 46 26.6 
+57 32 52.1 
+57 44 59.6 
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+58 21 19.1 
+58 52 41.3 
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+58 31 59.6 
+59 01 54.4 
+58 46 53.5 
+58 24 56.0 
+57 02 52.8 
+58 25 59.1 
+58 24 30.3 
+57 50 58.9 
+58 47 27.2 
+58 37 20.7 
+57 24 09.0 
+58 28 07.9 
+58 23 06.8 
+57 57 47.9 
+57 43 31.9 
+58 50 09.3 
+57 36 21.2 
+58 02 46.2 
+58 11 57.9 
+57 57 28.0 
+57 26 31.3 
+57 29 11.8 
+57 40 45.2 
+58 37 41.3 
+58 46 33.6 
+57 42 11.1 
+57 21 57.9 
+57 16 51.6 
+57 58 45.4 
+59 11 49.6 
+58 39 29.5 
+58 17 12.7 
+58 43 15.6 
+57 07 51.5 
+58 40 58.4 
+57 51 35.4 
+58 16 08.7 
+58 19 50.8 
+57 23 52.3 
+58 46 18.9 
+57 06 26.4 
+57 46 13.6 
+57 20 11.1 
+58 10 56.7 
+58 27 59.3 
+58 27 54.7 
+58 28 03.7 
+57 53 32.5 
+57 23 32.1 
+58 23 59.7 
+58 39 55.7 
+58 52 02.6 
+57 59 26.2 
+57 43 48.5 
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10 57 14.17 
10 57 14.32 
10 57 13.74 
10 57 14.98 
10 57 14.32 
10 57 14.48 
10 57 14.51 
10 57 14.67 
10 57 14.90 
10 57 14.99 
10 57 15.57 
10 57 15.67 
10 57 15.88 
10 57 15.89 
10 57 15.96 
10 57 16.01 
10 57 16.06 
10 57 16.09 
10 57 16.15 
10 57 16.17 
10 57 16.34 
10 57 16.39 
10 57 16.57 
10 57 16.61 
10 57 16.79 
10 57 16.81 
10 57 16.97 
10 57 17.01 
10 57 16.90 
10 57 17.07 
10 57 17.14 
10 57 17.22 
10 57 17.78 
10 57 17.86 
10 57 18.06 
10 57 18.13 
10 57 18.49 
10 57 17.24 
10 57 19.61 
10 57 18.56 
10 57 18.86 
10 57 18.92 
10 57 19.03 
10 57 19.68 
10 57 19.71 
10 57 19.82 
10 57 20.08 
10 57 20.22 
10 57 20.26 
10 57 20.73 
10 57 20.96 
10 57 21.25 
10 57 21.29 
10 57 21.44 
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10 57 21.85 
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10 57 22.00 
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10 57 22.44 
10 57 22.46 
10 57 22.64 
+58 33 37.6 
+58 32 06.5 
+58 32 02.0 
+58 32 11.6 
+59 07 23.9 
+57 53 33.8 
+58 20 40.8 
+58 26 05.5 
+58 10 35.2 
+57 45 27.0 
+58 16 29.2 
+57 41 06.8 
+57 29 44.8 
+57 23 13.8 
+57 36 14.8 
+58 30 13.7 
+58 03 45.1 
+58 08 04.7 
+58 38 02.5 
+58 53 01.3 
+57 56 21.8 
+58 50 29.1 
+57 21 37.7 
+58 02 40.7 
+59 06 16.2 
+57 35 34.5 
+59 23 03.4 
+58 11 12.4 
+58 11 23.8 
+58 11 06.3 
+58 46 14.3 
+57 20 16.0 
+58 13 57.1 
+58 43 12.1 
+57 41 56.4 
+58 59 58.8 
+58 59 17.7 
+58 59 24.8 
+58 59 11.4 
+58 56 20.1 
+57 19 04.5 
+57 48 16.6 
+57 22 24.4 
+58 30 45.5 
+57 57 05.4 
+57 37 35.5 
+58 46 21.4 
+58 13 54.6 
+58 05 34.7 
+57 13 20.1 
+58 28 17.9 
+57 23 45.9 
+58 58 19.0 
+58 02 09.1 
+58 56 09.8 
+57 41 02.4 
+59 00 49.7 
+57 14 10.8 
+58 37 22.9 
+58 02 51.7 
+58 09 44.7 
+59 02 20.9 
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10 57 22.99 
10 57 23.06 
10 57 22.18 
10 57 23.88 
10 57 23.35 
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10 57 24.06 
10 57 24.11 
10 57 24.16 
10 57 24.21 
10 57 24.30 
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10 57 24.36 
10 57 24.59 
10 57 24.75 
10 57 25.00 
10 57 25.64 
10 57 25.72 
10 57 25.82 
10 57 25.90 
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10 57 26.42 
10 57 26.56 
10 57 26.78 
10 57 26.89 
10 57 26.95 
10 57 27.05 
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10 57 27.64 
10 57 27.85 
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10 57 29.34 
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10 57 32.06 
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10 57 44.59 
10 57 44.60 
10 57 44.65 
10 57 44.66 
10 57 44.84 
10 57 44.89 
10 57 44.94 
10 57 44.98 
10 57 45.16 
10 57 45.53 
10 57 45.57 
10 57 46.08 
10 57 46.26 
10 57 46.53 
10 57 46.69 
10 57 46.74 
10 57 44.37 
10 57 46.98 
10 57 49.00 
10 57 47.18 
10 57 47.31 
10 57 47.52 
10 57 47.60 
10 57 48.41 
10 57 48.91 
10 57 49.12 
10 57 49.20 
10 57 49.50 
10 57 49.68 
10 57 49.98 
10 57 48.83 
10 57 50.72 
10 57 50.01 
10 57 50.38 
10 57 50.52 
10 57 50.59 
10 57 50.92 
10 57 50.98 
10 57 51.02 
10 57 51.11 
10 57 49.81 
10 57 52.11 
10 57 53.88 
10 57 51.14 
10 57 51.29 
10 57 51.56 
10 57 51.56 
10 57 51.59 
10 57 51.84 
10 57 52.05 
10 57 52.07 
10 57 52.14 
10 57 52.30 
10 57 52.42 
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10 57 53.48 
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+58 55 54.9 
+57 27 31.1 
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+57 48 22.1 
+57 45 10.7 
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+57 59 49.0 
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+57 11 56.2 
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+58 57 00.8 
+57 17 26.7 
+59 05 07.0 
+57 24 06.5 
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10 58 44.89 
10 58 45.13 
10 58 45.29 
10 58 45.88 
10 58 45.90 
10 58 46.20 
10 58 46.42 
10 58 47.10 
10 58 47.65 
10 58 48.11 
10 58 48.25 
10 58 48.43 
10 58 49.87 
10 58 48.80 
10 58 51.73 
10 58 50.31 
10 58 51.17 
10 58 51.60 
10 58 52.50 
10 58 54.06 
10 58 54.11 
10 58 54.51 
10 58 54.57 
10 58 54.65 
10 58 55.04 
10 58 55.10 
10 58 56.21 
10 58 56.34 
+58 18 07.8 
+58 05 52.1 
+58 07 34.7 
+58 43 16.4 
+58 54 31.3 
+57 13 17.8 
+57 35 16.4 
+57 18 36.6 
+58 52 43.2 
+58 42 51.0 
+57 26 26.3 
+58 24 11.8 
+58 45 19.8 
+57 28 53.7 
+58 44 37.9 
+58 42 33.1 
+57 31 48.9 
+57 53 55.2 
+58 15 28.5 
+57 42 43.0 
+58 13 55.5 
+57 56 21.5 
+58 21 26.2 
+57 30 03.0 
+57 39 42.9 
+58 04 39.1 
+58 36 56.3 
+58 30 30.0 
+58 00 22.3 
+58 00 41.7 
+57 38 49.6 
+59 20 54.0 
+58 42 17.4 
+57 24 31.9 
+57 41 46.4 
+58 43 33.7 
+59 10 13.7 
+58 29 28.3 
+58 48 06.7 
+58 46 46.2 
+57 18 00.6 
+57 56 48.7 
+58 21 20.1 
+58 12 41.2 
+58 06 11.1 
+57 27 11.8 
+57 29 48.1 
+57 29 49.0 
+57 29 46.6 
+57 37 52.4 
+58 05 43.0 
+57 00 55.9 
+57 22 22.1 
+57 41 30.7 
+57 20 07.0 
+58 34 18.8 
+57 29 03.2 
+58 14 06.5 
+57 17 14.2 
+57 54 25.2 
+57 03 06.9 
+58 51 18.6 
  0.273 
  0.153 
  0.129 
  0.842 
  0.160 
  0.198 
  0.117 
  0.138 
  0.156 
  0.571 
  0.143 
  0.164 
  0.253 
  0.275 
  0.347 
  0.342 
  3.304 
  0.181 
  0.133 
  1.886 
  2.305 
  0.153 
  0.228 
  0.167 
  0.208 
  0.112 
  0.237 
  0.896 
  0.878 
  0.128 
  0.159 
  2.046 
  0.262 
  1.239 
  0.912 
  0.382 
  0.454 
  0.161 
  0.550 
  0.237 
  3.695 
  0.707 
  0.116 
  0.169 
  0.132 
  0.243 
  0.801 
  0.801 
  0.347 
  0.139 
  0.236 
  0.717 
  0.702 
  0.295 
  0.212 
  0.359 
  0.159 
  0.123 
  0.679 
  0.121 
  0.538 






























































































































  9.84 
  9.54 
 16.22 
  9.09 
  8.60 
  9.05 
  9.45 
  9.83 
 24.37 
  9.35 
  8.81 
  9.78 
  9.05 
 11.03 
  9.00 
  9.95 
 10.08 
  8.92 
  9.23 
  9.20 
  9.44 
  9.00 
 10.25 
 11.24 
  9.50 
  9.36 
  9.28 
 44.79 
 11.62 
  8.75 
  9.24 
 10.06 
  9.31 
  9.22 
  9.08 
  9.09 
  9.90 
  9.51 
  9.51 
  9.30 
  8.99 
  8.32 
  9.11 
 10.49 
  8.89 
 
  9.36 
 10.23 
  8.82 
  9.07 
  7.91 
  9.13 
  9.92 
 10.19 
  9.90 
  9.03 
  9.55 
 10.04 
 10.81 
  8.38 




































  3.7 
 37.5 
 -9.6 
  1.7 
  9.0 
  3.3 




  6.4 
     
 -9.2 
  8.6 
-20.4 
 -2.0 






  1.8 
-27.0 
-76.1 
  4.8 
  2.3 
  4.84 
  5.15 
  8.29 
 32.04 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
 22.95 
 10.02 
  0.00 
  0.00 
  0.00 
 13.72 
  0.00 
  8.11 
  6.95 
  0.00 
  2.26 
  4.57 
  0.00 
  0.00 
  0.00 
 13.45 
  0.00 
  0.00 
  4.34 
 44.07 
 18.73 
  0.00 
  0.00 
  8.56 
  0.00 
  3.98 
  7.14 
  0.00 
  6.37 
  0.00 
  0.00 
  2.70 
  3.83 
  0.00 
  0.00 
  6.35 
  0.00 
       
  0.00 
  7.77 
  0.00 
  0.00 
  0.00 
  9.45 
  5.79 
  0.00 
  4.40 
 11.59 
  0.00 
  7.84 
 14.71 
  0.00 
  0.00 
  2.56 
  3.14 
  0.00 
 13.05 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
 21.91 
  1.99 
  0.00 
  0.00 
  0.00 
  5.54 
  0.00 
  1.68 
  3.90 
  0.00 
  1.88 
  1.82 
  0.00 
  0.00 
  0.00 
  3.01 
  0.00 
  0.00 
  0.00 
 43.44 
  3.85 
  0.00 
  0.00 
  4.37 
  0.00 
  0.00 
  1.07 
  0.00 
  3.76 
  0.00 
  0.00 
  1.62 
  0.00 
  0.00 
  0.00 
  5.38 
  0.00 
       
  0.00 
  4.67 
  0.00 
  0.00 
  0.00 
  1.51 
  0.00 
  0.00 
  3.68 
  0.00 
  0.00 
  2.51 
  0.00 
  0.00 





  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
 76.7 
 17.0 
  0.0 
  0.0 
  0.0 
-32.9 
  0.0 
 46.7 
-31.8 
  0.0 
-41.0 
 -9.2 
  0.0 
  0.0 
  0.0 
-74.3 
  0.0 




  0.0 
  0.0 
-12.7 
  0.0 
 48.8 
  6.7 
  0.0 
-24.5 
  0.0 
  0.0 
 53.1 
 30.6 
  0.0 
  0.0 
 -4.1 
  0.0 
      
  0.0 
 17.5 
  0.0 
  0.0 
  0.0 
 -2.9 
 58.9 
  0.0 
-52.7 
-16.8 
  0.0 
-45.0 
-78.5 
  0.0 
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10 58 56.38 
10 58 56.55 
10 58 57.19 
10 58 57.35 
10 58 57.45 
10 58 57.50 
10 58 58.32 
10 58 57.53 
10 58 58.95 
10 58 58.36 
10 58 58.69 
10 58 58.97 
10 58 59.36 
10 58 59.65 
10 58 58.28 
10 58 59.65 
10 58 59.95 
10 59 00.24 
10 59 00.30 
10 59 00.36 
10 59 00.44 
10 59 00.02 
10 59 01.09 
10 59 00.95 
10 59 01.47 
10 59 01.57 
10 59 01.64 
10 59 02.01 
10 59 02.42 
10 59 02.56 
10 59 02.59 
10 59 03.42 
10 59 03.55 
10 59 04.24 
10 59 04.47 
10 59 04.61 
10 59 04.72 
10 59 04.74 
10 59 04.82 
10 59 04.89 
10 59 04.99 
10 59 05.59 
10 59 05.74 
10 59 06.19 
10 59 06.30 
10 59 06.51 
10 59 07.12 
10 59 07.33 
10 59 08.09 
10 59 08.56 
10 59 07.67 
10 59 09.65 
10 59 09.02 
10 59 09.18 
10 59 09.32 
10 59 09.49 
10 59 09.57 
10 59 09.06 
10 59 10.01 
10 59 10.07 
10 59 10.20 
10 59 10.35 
+58 24 51.2 
+58 30 45.6 
+57 41 02.2 
+57 36 01.5 
+57 00 09.6 
+59 00 13.0 
+57 42 57.7 
+57 43 03.2 
+57 42 53.2 
+58 17 10.4 
+57 59 37.3 
+58 36 50.3 
+58 19 09.2 
+59 08 40.5 
+59 08 44.5 
+59 08 40.5 
+58 21 32.1 
+57 17 25.7 
+58 40 46.7 
+58 39 21.4 
+58 15 30.7 
+58 15 24.9 
+58 15 39.4 
+57 23 57.6 
+58 25 11.1 
+58 23 26.1 
+58 54 22.1 
+58 07 47.7 
+58 06 33.5 
+57 46 37.7 
+58 15 53.6 
+57 21 55.1 
+57 30 48.0 
+57 29 45.4 
+58 25 05.0 
+57 09 12.8 
+57 30 18.9 
+57 37 13.8 
+58 19 19.6 
+58 21 40.5 
+57 14 37.8 
+58 47 04.0 
+57 29 47.1 
+57 28 54.0 
+57 35 59.0 
+57 13 55.7 
+57 49 39.6 
+59 03 02.6 
+58 22 53.2 
+58 36 09.7 
+58 36 11.1 
+58 36 08.0 
+57 31 37.6 
+58 00 39.5 
+56 54 36.6 
+58 06 29.4 
+58 25 24.9 
+58 25 17.0 
+58 25 31.5 
+58 00 15.2 
+58 54 51.2 
+59 15 13.0 
  0.487 
  0.357 
  0.145 
  0.184 
  0.850 
  0.267 
  2.831 
  2.831 
  1.966 
  0.137 
  1.459 
  0.640 
  0.411 
  2.597 
  1.925 
  2.597 
  0.327 
  0.569 
  0.551 
  0.231 
  0.214 
  0.214 
  0.127 
  0.212 
  0.288 
  0.139 
  0.230 
  0.147 
  0.167 
  0.499 
  0.126 
  2.263 
  0.302 
  0.226 
  0.182 
  0.345 
131.394 
  0.136 
  0.239 
  9.653 
  0.430 
  0.263 
  0.309 
  0.238 
  0.142 
  0.367 
  0.209 
  0.322 
  0.183 
  0.998 
  0.998 
  0.782 
  0.228 
  0.204 
  2.194 
  6.486 
  1.127 
  0.775 
  1.127 
  0.149 
  0.217 





























































































































  9.16 
  9.71 
 10.45 
  9.59 
  8.98 
  7.24 
 
 10.59 
  9.77 
  9.16 
  9.89 
  9.35 




  9.54 
  8.96 
  9.48 
 10.43 
 
  9.90 
  9.39 
  9.14 
  9.78 




  9.90 
 10.18 
  9.29 
  8.07 
  9.00 
  9.83 
 10.42 
  9.11 
  9.36 
  9.08 
 11.47 
  9.98 
  9.61 
  9.00 
 10.73 
 10.14 
  9.11 
  9.60 





  9.11 
  9.74 
  9.07 
  9.00 
 
  9.78 
  9.73 
 10.34 
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 -4.7 
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  5.2 
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  4.6 
-31.9 
  4.3 
 11.6 
 -5.5 
  1.3 
     
 -4.1 




  4.95 
  4.75 
  0.00 
  8.07 
  0.00 
  0.00 
       
  8.11 
 22.27 
  0.00 
  9.18 
  0.00 
  0.00 
       
  9.47 
  7.72 
  8.19 
  0.00 
  0.00 
  7.66 
       
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  8.08 
  8.78 
  9.48 
  7.09 
  0.00 
  3.24 
  0.00 
  0.00 
  0.00 
  0.00 
  6.02 
  0.00 
  0.00 
 21.01 
  5.16 
  0.00 
  0.00 
  5.85 
  0.00 
  0.00 
  0.00 
  0.00 
  6.41 
       
  5.50 
  6.74 
  0.00 
  6.07 
  0.00 
  2.15 
       
 12.44 
  8.05 
  6.94 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
       
  2.48 
  2.02 
  0.00 
  1.38 
  0.00 
  0.00 
       
  3.44 
  0.57 
  0.00 
  0.00 
  0.00 
  5.26 
       
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  2.82 
  3.95 
  6.06 
  3.10 
  0.00 
  1.94 
  0.00 
  0.00 
  0.00 
  0.00 
  0.98 
  0.00 
  0.00 
  7.05 
  3.19 
  0.00 
  0.00 
  5.04 
  0.00 
  0.00 
  0.00 
  0.00 
  2.73 
       
  1.29 
  1.51 
  0.00 
  3.12 
  0.00 
  0.00 
       
  3.79 
  3.62 
  2.84 
  0.00 
  0.00 
-36.0 
 58.8 
  0.0 
-48.8 
  0.0 
  0.0 
      
-62.2 
-31.6 
  0.0 
 44.2 
  0.0 
  0.0 




  0.0 
  0.0 
  4.8 
      
  0.0 
  0.0 
  0.0 
  0.0 





  0.0 
-30.6 
  0.0 
  0.0 
  0.0 
  0.0 
-13.5 
  0.0 
  0.0 
 -8.5 
-51.6 
  0.0 
  0.0 
-86.8 
  0.0 
  0.0 
  0.0 
  0.0 
 68.2 
      
 88.1 
-60.0 
  0.0 
 29.3 
  0.0 
 12.3 
      
 -5.3 
  8.9 
-56.3 
  0.0 
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10 59 10.89 
10 59 11.00 
10 59 11.15 
10 59 11.80 
10 59 11.82 
10 59 12.16 
10 59 12.51 
10 59 12.73 
10 59 12.84 
10 59 13.17 
10 59 13.55 
10 59 13.87 
10 59 13.93 
10 59 14.53 
10 59 14.90 
10 59 14.92 
10 59 14.96 
10 59 15.03 
10 59 17.17 
10 59 17.20 
10 59 17.32 
10 59 18.36 
10 59 15.06 
10 59 20.51 
10 59 18.52 
10 59 18.92 
10 59 20.02 
10 59 20.26 
10 59 20.58 
10 59 20.70 
10 59 21.08 
10 59 21.37 
10 59 21.46 
10 59 21.96 
10 59 22.46 
10 59 24.01 
10 59 24.43 
10 59 24.72 
10 59 27.86 
10 59 29.65 
10 59 29.67 
10 59 30.23 
10 59 30.40 
10 59 30.93 
10 59 32.18 
10 59 32.88 
10 59 32.95 
10 59 33.29 
10 59 34.17 
10 59 34.73 
10 59 34.80 
10 59 34.92 
10 59 35.82 
10 59 35.98 
10 59 36.57 
10 59 36.81 
10 59 37.94 
10 59 38.17 
10 59 38.59 
10 59 39.02 
10 59 39.40 
10 59 39.59 
+58 03 35.1 
+58 19 30.8 
+57 16 11.0 
+59 16 28.6 
+57 41 24.5 
+58 18 51.5 
+58 41 41.0 
+57 58 30.1 
+58 22 28.3 
+57 42 38.6 
+57 43 19.3 
+58 14 16.8 
+58 20 02.2 
+58 32 22.0 
+59 16 28.4 
+57 14 44.5 
+58 15 11.7 
+57 50 29.6 
+57 19 45.1 
+57 57 59.6 
+57 22 43.3 
+59 09 25.3 
+59 10 03.3 
+59 09 00.6 
+57 35 32.1 
+57 48 18.7 
+56 56 20.8 
+57 35 13.2 
+58 22 33.9 
+58 55 49.8 
+57 43 40.2 
+58 28 57.8 
+58 22 01.2 
+58 37 57.7 
+58 27 01.3 
+59 08 35.3 
+57 32 42.4 
+57 12 44.1 
+57 55 08.4 
+57 43 10.4 
+57 45 25.6 
+59 09 21.3 
+58 48 39.3 
+57 30 39.2 
+58 22 36.6 
+57 50 01.1 
+57 45 37.5 
+59 02 38.7 
+58 47 48.7 
+58 01 31.4 
+57 11 43.1 
+58 41 59.3 
+58 22 55.5 
+57 56 08.9 
+57 45 43.6 
+57 34 43.1 
+57 26 52.2 
+57 54 31.5 
+58 44 12.9 
+58 07 00.5 
+57 38 14.7 
+58 18 41.2 
  0.324 
  0.185 
  0.352 
  1.577 
  0.204 
  0.148 
  0.223 
  0.432 
  0.158 
  0.169 
  0.223 
  0.703 
  0.187 
  0.171 
  1.884 
138.023 
  0.161 
  1.013 
  0.232 
  0.147 




  0.276 
  0.216 
  2.149 
  0.211 
  0.154 
  0.447 
  0.304 
  0.381 
  0.209 
  0.251 
  0.159 
  0.612 
  3.127 
  0.479 
  2.281 
  0.300 
  0.267 
  0.661 
  0.538 
  0.647 
  0.486 
  0.208 
 90.584 
  0.634 
  0.344 
  0.274 
  0.429 
  1.562 
  0.206 
  0.189 
  0.330 
  0.267 
 28.854 
  6.697 
  5.899 
  0.565 
  0.346 






























































































































  9.29 
  8.19 
 11.73 
  9.56 
 10.72 
  9.26 
  8.94 
  8.97 
  9.35 
  8.96 
  9.20 
  9.42 
 10.55 
  8.42 
  9.43 
  9.24 
  9.18 
 10.19 
  9.88 
  9.24 
 
  9.62 
 13.28 
  9.18 
  9.36 
  9.68 
  9.44 
 10.74 
  9.07 
  9.85 
  9.82 
  9.93 
  9.46 
 10.23 
  8.97 
  9.21 
 10.02 
  9.45 
  9.80 
  9.00 
  9.62 
  9.00 
 10.73 
  9.41 
 10.33 
 11.26 
  9.42 
  9.36 
  9.61 
  9.28 
  9.59 
  9.17 
  9.29 
  9.00 
  9.34 
  9.06 
  9.14 
  9.06 
  9.17 
  9.23 





  1.7 
  2.3 
  7.6 
 -5.2 
 12.4 












     
 11.2 
 89.2 
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  7.0 
  8.8 
 -5.2 
 -9.1 






  0.2 
  2.6 
 19.1 
 -9.8 
  6.56 
  0.00 
  0.00 
 10.16 
  0.00 
  6.95 
  9.19 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
 10.87 
  0.00 
  4.46 
  8.60 
 13.26 
  0.00 
       
  4.37 
 17.07 
  0.00 
 13.01 
  0.00 
  0.00 
  7.48 
  0.00 
  0.00 
  6.42 
  0.00 
  8.94 
  9.43 
  0.00 
  3.70 
  0.00 
  3.38 
  0.00 
  0.00 
  0.00 
  0.00 
  8.03 
  0.00 
  0.00 
  7.28 
  0.00 
  0.00 
  0.00 
  0.00 
  3.53 
  0.00 
  0.00 
  0.00 
  0.00 
  2.71 
  2.62 
  2.11 
  5.52 
  0.00 
  0.00 
  3.67 
  0.00 
  0.00 
  4.17 
  0.00 
  5.80 
  1.93 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  1.72 
  0.00 
  1.28 
  3.95 
  3.49 
  0.00 
       
  1.91 
  7.44 
  0.00 
  2.31 
  0.00 
  0.00 
  5.13 
  0.00 
  0.00 
  2.65 
  0.00 
  0.87 
  0.00 
  0.00 
  1.92 
  0.00 
  1.89 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  2.52 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.00 
  0.66 
  1.55 
  1.04 
  1.70 
  0.00 
  0.00 
-88.2 
  0.0 
  0.0 
-84.1 
  0.0 
  8.7 
 11.3 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
  0.0 
 23.8 




  0.0 
      
 51.1 
 89.3 
  0.0 
-11.5 
  0.0 
  0.0 
-40.1 
  0.0 
  0.0 
-39.5 
  0.0 
-31.4 
-62.3 
  0.0 
 -8.0 
  0.0 
-53.7 
  0.0 
  0.0 
  0.0 
  0.0 
 78.7 
  0.0 
  0.0 
-87.4 
  0.0 
  0.0 
  0.0 
  0.0 
-77.5 
  0.0 
  0.0 
  0.0 
  0.0 
-19.2 
-11.2 
  2.6 
  6.4 
  0.0 
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10 59 39.98 
10 59 40.78 
10 59 42.58 
10 59 42.81 
10 59 42.92 
10 59 42.99 
10 59 43.14 
10 59 43.21 
10 59 43.86 
10 59 44.15 
10 59 44.24 
10 59 44.40 
10 59 45.38 
10 59 46.27 
10 59 46.56 
10 59 46.73 
10 59 47.40 
10 59 47.50 
10 59 48.42 
10 59 48.86 
10 59 50.04 
10 59 50.56 
10 59 51.15 
10 59 51.23 
10 59 51.63 
10 59 52.25 
10 59 52.84 
10 59 53.05 
10 59 54.72 
10 59 53.94 
10 59 55.91 
10 59 54.73 
10 59 57.26 
10 59 57.75 
10 59 58.16 
10 59 59.24 
11 00 00.22 
11 00 00.25 
11 00 02.09 
11 00 02.97 
11 00 03.12 
11 00 03.33 
11 00 04.00 
11 00 05.01 
11 00 05.06 
11 00 05.31 
11 00 05.18 
11 00 05.35 
11 00 05.45 
11 00 08.92 
11 00 07.81 
11 00 09.84 
11 00 10.14 
11 00 10.18 
11 00 10.28 
11 00 13.96 
11 00 14.34 
11 00 15.76 
11 00 17.11 
11 00 18.05 
11 00 22.31 
11 00 22.90 
+58 41 20.1 
+57 41 23.0 
+59 04 12.0 
+58 36 42.8 
+58 37 22.4 
+58 30 53.7 
+57 05 01.4 
+58 51 03.9 
+57 25 24.1 
+58 49 58.7 
+59 03 27.8 
+57 47 41.2 
+58 38 14.2 
+58 22 48.1 
+57 55 42.6 
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11 00 23.10 
11 00 23.33 
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11 00 27.63 
11 00 27.63 
11 00 28.43 
11 00 29.38 
11 00 30.34 
11 00 31.66 
11 00 31.69 
11 00 32.00 
11 00 32.43 
11 00 32.70 
11 00 32.92 
11 00 35.57 
11 00 36.54 
11 00 39.18 
11 00 41.46 
11 00 42.61 
11 00 47.04 
11 00 48.03 
11 00 48.20 
11 00 49.04 
11 00 49.15 
11 00 49.64 
11 00 53.06 
11 00 55.01 
11 00 55.66 
11 00 57.78 
11 01 04.49 
11 01 05.24 
11 01 02.86 
11 01 07.88 
11 01 05.24 
11 01 07.49 
11 01 09.36 
11 01 10.98 
11 01 11.71 
11 01 12.30 
11 01 12.51 
11 01 16.71 
11 01 22.03 
11 01 24.82 
11 01 25.68 
11 01 25.83 
11 01 24.17 
11 01 25.64 
11 01 27.86 
11 01 31.59 
11 01 32.29 
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11 01 37.06 
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11 01 41.84 
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+58 55 53.1 
+57 15 22.4 
+58 18 27.0 
+57 38 14.5 
+57 46 58.8 
+57 43 20.4 
+57 18 57.8 
+58 00 47.2 
+58 47 04.2 
+57 10 57.8 
+58 26 49.1 
+59 00 38.7 
+58 22 17.3 
+57 33 43.5 
+58 43 58.8 
+57 47 45.6 
+58 48 15.4 
+57 31 56.3 
+58 18 40.2 
+58 54 54.9 
+58 20 25.6 
+58 51 49.6 
+57 38 12.6 
+58 32 49.3 
+57 27 56.3 
+58 30 28.4 
+58 21 54.9 
+58 48 03.5 
+57 57 10.2 
+58 40 53.6 
+57 13 25.2 
+57 13 37.0 
+57 13 21.7 
+58 16 08.7 
+58 18 36.1 
+57 27 15.5 
+57 53 18.7 
+57 41 05.5 
+57 27 13.2 
+58 44 25.4 
+58 46 11.6 
+58 16 17.1 
+58 55 44.9 
+57 35 59.8 
+57 37 18.9 
+57 36 57.2 
+57 37 19.0 
+57 37 42.9 
+58 29 54.0 
+57 49 48.4 
+58 18 02.0 
+58 24 29.7 
+58 13 52.6 
+58 41 39.8 
+58 46 27.3 
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The WSRT 345 MHz Source Catalogue 
 
The catalog is sorted on right ascension. The detailed format is the 
following:  
 Column (1): Source IAU name. 
 Columns (2) and (3): Source position: Right Ascension and 
Declination (J2000). 
 Column (4): Source 345 MHz peak flux density, in mJy. 
 Column (5): Source 345 MHz integrated flux density, in mJy. 
 Column (6 and 7): Fitted major and minor axes (FWHM) of the 
source in arcsec.  
 Column (8): Fitted position angle (P.A., measured N through E) for 
the major axis in degrees.  
 Column (9): Source local noise in mJy. 
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10 42 49.38 
10 42 50.44 
10 42 56.43 
10 43  1.60 
10 43  1.68 
10 43  4.37 
10 43  7.01 
10 43 10.80 
10 43 11.99 
10 43 13.09 
10 43 17.09 
10 43 21.41 
10 43 22.53 
10 43 22.68 
10 43 28.82 
10 43 32.13 
10 43 33.86 
10 43 34.07 
10 43 37.53 
10 43 38.07 
10 43 44.62 
10 43 50.61 
10 43 53.66 
10 43 53.84 
10 43 59.62 
10 44  4.81 
10 44 24.01 
10 44 27.01 
10 44 27.16 
10 44 36.81 
10 44 38.81 
10 44 41.85 
10 44 51.47 
10 44 58.05 
10 44 58.56 
10 45  0.10 
10 45  2.77 
10 45  3.57 
10 45  9.71 
10 45 13.43 
10 45 16.17 
10 45 17.45 
10 45 23.11 
10 45 27.39 
10 45 29.04 
10 45 29.17 
10 45 30.83 
10 45 31.19 
10 45 34.39 
10 45 40.40 
10 45 46.14 
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10 45 53.01 
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56 38 10.4 
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57 24 55.9 
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58 28 22.1 
58 34 40.0 
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58 35 55.2 
59 13 26.4 
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58 12 31.2 
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58  6 24.9 
57  0 14.3 
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57 59 20.7 
57 38 34.1 
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58  9 19.8 
58 14 29.0 
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10 46 25.57 
10 46 31.25 
10 46 40.72 
10 46 42.16 
10 46 45.64 
10 46 46.71 
10 46 47.15 
10 46 48.87 
10 47  1.78 
10 47  5.69 
10 47 17.80 
10 47 18.48 
10 47 19.66 
10 47 20.36 
10 47 21.28 
10 47 24.49 
10 47 37.26 
10 47 39.11 
10 47 39.55 
10 47 41.75 
10 47 42.38 
10 47 42.68 
10 47 52.62 
10 47 54.28 
10 47 54.73 
10 48  0.32 
10 48  1.62 
10 48  3.34 
10 48  4.49 
10 48  8.66 
10 48 11.84 
10 48 14.26 
10 48 18.91 
10 48 23.33 
10 48 26.26 
10 48 29.46 
10 48 29.65 
10 48 31.57 
10 48 38.93 
10 48 40.84 
10 48 43.23 
10 48 45.05 
10 48 45.18 
10 48 50.85 
10 48 51.10 
10 48 54.48 
10 48 57.17 
10 48 58.99 
10 48 59.12 
10 49  7.30 
10 49 12.27 
10 49 17.74 
10 49 19.45 
10 49 23.53 
10 49 24.21 
10 49 24.51 
10 49 30.24 
10 49 30.82 
10 49 33.08 
10 49 35.37 
10 49 41.19 
10 49 44.74 
59  4 51.0 
58 27 45.2 
57  4 56.0 
58 52  0.4 
58 21 15.6 
56 47 41.0 
57 32 25.4 
58 14 25.9 
59 19  3.1 
56 44 52.0 
57 55 44.9 
57 33  2.6 
58 51 12.9 
58 21 16.8 
58  5 16.8 
57 37  6.0 
58 33 33.4 
59 20 30.1 
58 18 54.0 
57 53 18.4 
58 53 20.2 
58 48 16.2 
57 42 58.7 
58 21  4.0 
57 20 34.7 
57 17 45.7 
57 51 11.6 
57 41 24.9 
58 29  4.3 
59  5 38.7 
57 29 59.0 
58  9 10.6 
57 35  4.9 
58 24 33.5 
58 30 31.6 
58 10 42.3 
58 24 12.9 
59 25 53.2 
57 47 27.1 
58 13 32.4 
57 20 54.3 
58 23 12.6 
56 51 19.1 
57 14 14.0 
56 51 21.8 
59  6  6.3 
57 55 28.9 
58  0 48.1 
58 41  1.7 
57 11 52.1 
57 50 13.6 
58 36 31.9 
58 28  1.3 
57 18 58.9 
58 48 50.2 
58 11 11.9 
58 47  7.7 
59  1 41.9 
57 30 19.1 
57  6 13.1 
58 35 29.3 
56 41 23.1 
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10 49 45.49 
10 49 46.99 
10 49 51.48 
10 49 54.30 
10 49 58.16 
10 50  1.64 
10 50  9.72 
10 50 11.12 
10 50 16.61 
10 50 21.30 
10 50 23.03 
10 50 33.03 
10 50 37.27 
10 50 37.49 
10 50 38.26 
10 50 38.64 
10 50 39.10 
10 50 44.07 
10 50 46.72 
10 50 47.78 
10 50 48.46 
10 50 54.80 
10 50 55.61 
10 51  2.97 
10 51  5.53 
10 51  6.01 
10 51  7.63 
10 51 10.95 
10 51 11.69 
10 51 16.07 
10 51 20.02 
10 51 21.91 
10 51 22.36 
10 51 23.26 
10 51 26.30 
10 51 31.32 
10 51 33.55 
10 51 33.91 
10 51 34.65 
10 51 35.60 
10 51 35.68 
10 51 38.37 
10 51 40.32 
10 51 41.20 
10 51 41.75 
10 51 42.01 
10 51 42.54 
10 51 45.46 
10 51 48.00 
10 51 50.19 
10 51 53.69 
10 51 56.08 
10 52  0.55 
10 52  7.02 
10 52  7.54 
10 52  7.68 
10 52  8.36 
10 52  9.93 
10 52 12.41 
10 52 13.48 
10 52 13.99 
10 52 17.68 
58  6  8.1 
57 17 41.4 
57  1 10.1 
56 45 14.7 
57 10 34.3 
59 11  8.8 
57 20  8.1 
57  7 24.0 
57  3  8.0 
57 40 43.5 
58 42 48.0 
57 20 30.1 
57 23 23.8 
56 51 26.9 
56 40 33.8 
58 51 26.9 
56 57 36.2 
57 52 32.2 
57 47 38.2 
57 43  9.7 
56 40 23.6 
58 32 32.1 
56 36 47.2 
57 34 43.6 
57 54 16.4 
57  1 47.4 
57 57 52.8 
58  9 31.9 
56 41 46.0 
57 35 58.4 
56 40 25.5 
58  7 41.0 
58 26 50.8 
58 41 36.9 
57  8 55.6 
56 48  0.1 
56 51  2.1 
58 49 45.6 
57 11  2.1 
59 20  5.9 
58 11  7.3 
57 29 49.9 
58  7 54.0 
59 19 49.4 
59 24 36.5 
59 13  3.8 
57 36  0.3 
57 33 13.6 
56 47 36.3 
58  6  1.6 
57  9 44.2 
57 32  9.3 
57  0 12.2 
56 56 59.9 
58  9 39.0 
57 41  7.0 
57  7 42.7 
58 30  9.6 
58 26 16.2 
58 55 28.9 
57 57 24.3 
58 16 27.3 
  16.540 
   2.837 
  12.934 
  30.330 
   3.348 
  44.079 
   3.895 
   9.340 
   7.772 
  11.332 
   8.237 
  12.148 
   6.114 
   5.928 
  16.524 
  17.167 
   2.898 
 111.595 
   8.005 
   4.725 
  11.627 
 353.737 
  12.477 
   5.309 
  35.790 
   8.676 
  25.417 
   8.759 
  12.171 
   7.667 
  17.035 
   9.026 
 158.707 
  10.807 
  36.190 
  10.207 
   5.830 
  12.214 
  19.248 
  14.549 
  19.305 
   4.578 
  94.217 
  14.593 
  36.015 
 447.796 
  12.188 
  41.061 
  11.395 
   5.633 
   5.050 
  10.405 
  15.292 
  12.575 
   8.088 
  11.766 
   3.531 
   6.910 
  14.640 
  23.833 
   6.758 
   7.240 
  17.198 
   3.361 
  14.577 
  35.994 
   4.824 
  50.681 
   5.122 
   9.538 
   8.527 
  11.637 
  15.910 
  15.344 
  10.866 
   5.928 
  16.879 
  18.161 
   5.466 
 117.273 
   9.695 
   6.042 
  14.167 
 374.569 
  15.230 
   5.828 
  38.450 
   8.992 
  26.816 
   9.283 
  15.564 
   8.740 
  20.921 
   9.591 
 189.527 
  10.807 
  67.402 
  11.058 
   6.738 
  12.214 
  25.181 
  20.103 
  21.397 
   5.830 
 109.118 
  39.456 
  38.333 
 518.283 
  12.767 
  44.830 
  11.460 
   5.633 
   5.413 
  11.313 
  15.292 
  12.934 
   8.088 
  14.018 
   3.531 
   8.305 
  17.772 
  27.291 
  13.795 


















































  70.0 
 73.9 
 76.4 
  70.0 
 76.0 
  70.0 
 80.4 












































































































  0.2 























































































































































      
mJy 
     
mJy 
     
arcsec 





































































10 52 22.58 
10 52 24.27 
10 52 25.59 
10 52 26.41 
10 52 28.81 
10 52 30.96 
10 52 32.20 
10 52 34.23 
10 52 35.39 
10 52 37.67 
10 52 38.13 
10 52 38.71 
10 52 40.06 
10 52 40.51 
10 52 55.56 
10 52 57.29 
10 52 58.54 
10 53  2.43 
10 53 10.56 
10 53 11.18 
10 53 13.96 
10 53 18.88 
10 53 24.25 
10 53 26.72 
10 53 27.64 
10 53 28.75 
10 53 37.15 
10 53 42.42 
10 53 43.08 
10 53 50.45 
10 53 51.80 
10 53 52.02 
10 53 52.54 
10 53 55.40 
10 53 57.53 
10 54  1.19 
10 54 10.74 
10 54 11.90 
10 54 12.99 
10 54 22.24 
10 54 25.64 
10 54 28.13 
10 54 30.49 
10 54 36.70 
10 54 37.43 
10 54 37.49 
10 54 42.67 
10 54 52.41 
10 54 58.15 
10 54 58.20 
10 54 59.80 
10 55  4.43 
10 55  4.75 
10 55  8.60 
10 55 16.92 
10 55 18.74 
10 55 22.11 
10 55 22.81 
10 55 24.53 
10 55 30.15 
10 55 30.95 
10 55 47.07 
58 50 48.8 
58 43  5.0 
57  8 41.5 
57 33 16.7 
56 35 58.8 
57 56 19.5 
56 54 33.2 
58 54 45.0 
58 19 13.2 
59 17 35.9 
57 31  1.6 
58 50 33.5 
56 36  3.9 
56 58 29.8 
59 22 19.1 
59 24 40.7 
59  2 48.4 
58 40 14.9 
58 55 32.5 
57 55  6.6 
59  7 17.7 
58 56 21.9 
56 39 20.1 
57  3  9.6 
56 54 27.0 
57 45 47.8 
56 39 52.3 
57 44 36.8 
56 53 59.6 
56 39 53.4 
59 20 57.0 
57  7 19.0 
58 25 19.8 
59 13  5.4 
59  9  8.1 
57 33 25.3 
56 49  2.6 
58 54  3.3 
58 29 40.9 
58  1  1.0 
57 34 23.7 
57 36 45.5 
58 32 24.5 
56 54 58.3 
56 59 19.9 
58 22 51.8 
57 16 38.5 
58 12 25.2 
58 44  7.1 
58 31 54.4 
56 36  4.4 
59 25  8.6 
58 52 23.8 
59 21 41.8 
57 32 59.1 
59 23 55.6 
56 44 15.5 
56 50 14.2 
58 52 36.9 
57 54 20.1 
58 32 29.6 
58 33  6.2 
  24.355 
   5.627 
   6.215 
   9.709 
  34.152 
  35.986 
  16.076 
   8.619 
   4.889 
  13.640 
 198.104 
  16.991 
   9.069 
  14.239 
 908.822 
  14.622 
  10.166 
   4.088 
 199.536 
   6.079 
  28.694 
 234.850 
  43.375 
   5.590 
   8.528 
  17.102 
  10.608 
  13.255 
   9.754 
  15.086 
  10.715 
   4.957 
 175.514 
  61.222 
  27.644 
   6.759 
   5.568 
  61.454 
  35.390 
  29.819 
   4.081 
 350.892 
  25.526 
  13.772 
  26.604 
   4.380 
   7.656 
   6.106 
   4.146 
  32.921 
   5.653 
  18.750 
  22.663 
  12.246 
  19.757 
  16.142 
  26.698 
  61.236 
   9.127 
   6.242 
  66.082 
   7.790 
  27.902 
   6.343 
   6.215 
  11.393 
  54.575 
  40.127 
  16.997 
   9.772 
   5.503 
  13.640 
 225.838 
  17.408 
  21.741 
  15.408 
1036.806 
  14.622 
  10.166 
   4.088 
 234.963 
   7.380 
  29.480 
 264.315 
  50.470 
   6.173 
  10.176 
  18.023 
  11.788 
  14.445 
   9.754 
  18.728 
  12.361 
   7.411 
 195.473 
  64.801 
  37.711 
   8.006 
   5.568 
  66.214 
  36.484 
  30.628 
   4.081 
 531.760 
  27.819 
  17.256 
  45.122 
   5.392 
   8.216 
   6.480 
   5.633 
  33.748 
   6.396 
  20.405 
  23.885 
  14.279 
  24.053 
  17.330 
  27.576 
  92.944 
  11.091 
   8.471 
  71.423 
   9.832 
 81.3 
 77.3 













  70.0 
  70.0 


















































































































  1.8 
 -6.6 
 20.5 

































  0.7 
  6.5 













  1.2 
-18.6 
 -5.9 



































































































































      
mJy 
     
mJy 
     
arcsec 





































































10 55 49.69 
10 55 50.23 
10 55 55.73 
10 55 56.97 
10 56  0.25 
10 56  5.63 
10 56 22.94 
10 56 23.80 
10 56 24.92 
10 56 32.10 
10 56 44.52 
10 56 51.03 
10 56 52.37 
10 56 52.61 
10 56 53.86 
10 57  0.71 
10 57  0.79 
10 57  3.65 
10 57  4.62 
10 57  6.16 
10 57 13.45 
10 57 16.94 
10 57 22.63 
10 57 24.07 
10 57 27.93 
10 57 30.45 
10 57 31.12 
10 57 31.44 
10 57 32.00 
10 57 32.05 
10 57 46.99 
10 57 47.45 
10 57 52.27 
10 57 52.40 
10 57 54.73 
10 57 56.94 
10 58 24.56 
10 58 27.11 
10 58 27.34 
10 58 27.50 
10 58 28.02 
10 58 28.49 
10 58 32.36 
10 58 32.97 
10 58 40.23 
10 58 41.80 
10 58 46.46 
10 58 52.81 
10 58 59.45 
10 58 59.89 
10 58 59.93 
10 59  5.74 
10 59  5.85 
10 59 10.35 
10 59 10.71 
10 59 16.03 
10 59 20.92 
10 59 28.79 
10 59 33.90 
10 59 38.38 
10 59 38.87 
10 59 39.64 
57 18 29.1 
56 48  7.3 
56 35 41.0 
59 17  0.2 
56 53 16.4 
57  9 32.8 
58 31 21.5 
57 53 28.0 
58 52 40.7 
59 24 34.9 
58 24 17.3 
57 31 26.2 
56 52 17.6 
56 45 14.7 
56 52  8.3 
58 47 37.7 
59 11 41.9 
56 45  5.4 
58 30  6.1 
58 47  3.4 
58 28  1.9 
57 23 12.2 
58 56  8.6 
56 59 39.6 
57 43 19.7 
56 43 24.8 
58 20  0.5 
57  6  5.4 
57 59 48.6 
58  6 47.8 
58  8 41.4 
57 45  8.6 
59 22  1.2 
57 31 28.6 
57 17 27.2 
56 47 54.7 
57 32 21.0 
56 47 42.4 
56 53 38.1 
57 11  0.7 
58 34 48.1 
58 34 51.7 
58 43 28.6 
56 48 10.8 
57 31 42.3 
57 42 47.5 
56 43  2.4 
56 42 53.9 
57 42 56.0 
57 59 27.0 
59  8 36.3 
57 30 17.5 
58 21 40.0 
58  6 24.2 
58 25 30.5 
57 14 44.1 
59  9  4.4 
56 55 41.3 
57 45 36.1 
57 54 32.8 
57 26 49.9 
58 44 12.3 
  46.911 
  21.096 
  17.747 
   6.669 
  91.327 
 103.490 
  10.184 
   5.441 
   8.275 
   5.488 
  20.425 
   8.338 
  26.803 
   8.272 
  24.420 
 286.482 
  31.361 
  17.758 
  25.737 
 300.856 
  27.354 
 381.092 
  83.524 
   8.296 
  11.245 
  16.468 
 116.901 
   7.745 
  15.908 
  13.184 
 386.757 
  12.619 
   7.490 
  27.924 
  23.864 
  81.521 
  23.489 
 130.418 
 182.328 
   8.179 
  86.661 
  85.237 
1045.60 
 318.545 
   9.041 
   5.725 
  11.662 
  22.225 
  14.567 
   7.120 
  14.901 
 409.314 
  79.216 
  11.982 
   9.390 
 922.609 
 121.402 
  37.200 
 323.999 
  13.821 
  87.298 
  15.312 
  50.386 
  23.484 
  17.747 
   7.350 
 100.787 
 113.661 
  11.775 
   6.211 
   9.032 
   5.488 
  20.909 
   8.753 
  39.147 
  14.614 
  57.588 
 300.295 
  36.490 
  23.382 
  28.368 
 378.672 
  30.581 
 411.262 
  87.038 
   9.128 
  11.245 
  19.803 
 126.081 
   7.745 
  18.724 
  12.884 
 407.895 
  21.237 
   7.490 
  27.924 
  25.729 
 254.610 
  23.518 
 472.538 
 279.225 





   8.770 
   6.146 
  11.662 
  27.083 
  15.678 
   7.120 
  21.056 
 429.322 
  88.502 
  12.691 
   9.344 
 988.584 
 163.784 
  42.389 
 342.528 
  14.334 
  94.421 
  16.223 
 75.4 
 81.3 






















  70.0 
 80.0 
 76.7 





  70.0 













  70.0 
 80.7 
 73.6 































































































  0.3 
 -5.4 
 -6.9 






  6.6 
 -4.9 

































































































































































      
mJy 
     
mJy 
     
arcsec 































10 59 40.90 
10 59 48.42 
10 59 49.45 
10 59 52.90 
10 59 53.42 
10 59 55.39 
10 59 57.72 
11  0  0.98 
11  0  1.12 
11  0  8.77 
11  0 27.44 
11  0 28.43 
11  0 31.59 
11  0 32.65 
11  0 48.92 
11  0 49.22 
11  0 54.00 
11  0 54.91 
11  0 56.21 
11  1  6.20 
11  1 10.71 
11  1 13.50 
11  1 18.80 
11  1 26.62 
56 58 17.3 
57  8 38.6 
57 21 11.4 
56 51 32.7 
56 45 48.5 
58 53 40.4 
57 46 27.3 
58 46 54.5 
59 14 17.8 
56 50 21.9 
59 14 41.6 
57 38 13.8 
58  0 45.1 
58 47  4.8 
58 20 23.4 
59 20  1.7 
58 30 29.8 
57  1 28.2 
58 47 56.1 
58 16  6.7 
57 27 13.4 
58 44 23.1 
56 38 15.0 
57 36 59.7 
  22.228 
  49.029 
 248.838 
 217.838 
  19.519 
  16.932 
   8.516 
  27.244 
 111.897 
  15.878 
  39.379 
  54.762 
  30.094 
  18.326 
 229.136 
  25.211 
  32.868 
   12.027 
   7.379 
 314.585 
 271.882 
  57.712 
  20.929 
  50.890 
  26.267 
  52.390 
 263.242 
 266.012 
  19.519 
  24.828 
  10.708 
  28.447 
 122.415 
  16.393 
  41.858 
  59.704 
  31.648 
  20.030 
 246.719 
  27.327 
  33.112 
  12.027 
   7.379 
 334.469 
 301.089 
  62.633 
  20.929 


















  70.0 




  70.0 































  4.7 
 -9.2 
 -8.6 






  2.2 
 -7.9 
 80.0 
 80.0 
 -4.1 
 -4.0 
 -7.0 
 80.0 
 80.0 
 2.118 
 2.321 
 2.182 
 1.820 
 1.820 
 1.377 
 1.130 
 1.377 
 1.551 
 1.820 
 1.551 
 1.251 
 1.294 
 1.377 
 1.270 
 2.088 
 1.575 
 1.667 
 0.770 
 1.270 
 1.614 
 0.770 
 1.222 
 1.614 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
N 
N 
  
  
  
N 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
